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Executive Summary 
The purpose of this report is to analyze the fire protection systems and features of the Maintenance Shop Building (MSB), which is a two story office and training building on the campus of a large industrial facility in central California.  The goal of the fire protection systems and features of the Building is to provide occupants with reasonable assurance of safety from fire.  This goal can be met by ensuring that occupants not intimate with the initiation of a fire will be able to safely escape from the Building in the event of the fire. 
The ability of the MSB’s fire protection systems and features to achieve this goal are analyzed in this paper using two complimentary methods.  The first method is to compare the design of the MSB to applicable prescriptive codes and standards to assess their compliance.  Insofar as the MSB’s systems and features are compliant with prescriptive requirements, a reasonable assurance of life safety may be assumed.  The second method employed in this report is to perform a performance-based analysis of the MSB’s fire protection systems and features.  This performance-based analysis is performed using computer-based modeling and in accordance with applicable performance-based codes and standards. 
Based on the results of these two approaches, recommendations are made for methods and modifications to improve the fire safety of occupants of the MSB and ensure compliance with current codes and standards.  
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Maintenance Shop Building 
Introduction 
The Maintenance Shop Building (MSB) is located on the campus of a large industrial facility in central California.  The MSB is a two story building that contains training and office space.   The training space in the MSB are for instruction of professional operations and maintenance personnel and many are large, open areas with heavy tables and equipment to facilitate hands-on instruction.   
 
Figure 1 - Typical MSB Training Shop 
The MSB has a footprint and first floor area of 21,000 square feet, and has 20,624 square feet of area on the second floor (Figure 2 - MSB First Floor Plan and Figure 3 - MSB Second Floor Plan).  The roof is accessible only through a hatch.  The first floor is at an elevation of 82 feet above sea level; the second floor is 97 feet above sea level.  In general, the ceilings on the first floor are ten feet above the floor, and on the second floor are nine feet above the floor.   
As noted above, the MSB is two stories; it consists of nine bays in the east-west axis and three bays in the north-south axis on both floors. 
When the MSB was designed in the mid-1980s, it included numerous meeting, conference, and “utility” spaces on the first floor, as well as a single partitionable conference space on the second floor.  About a decade later, the first floor of the MSB was substantially renovated to remove all of these spaces and replace them with a Document Services and Library room and additional office space.  
As currently used, the first floor of the MSB consists of three main areas (see Figure 2 - MSB First Floor Plan).  On the east end near the main entrance are administrative offices.  In the middle and 
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taking up approximately 25% of the floor is the Document Services and Library.  On the west end of the first floor is the mechanical shop and supporting spaces.  To allow sufficient vertical space in the mechanical shop for an overhead crane, the mechanical shop and support rooms are below grade at 74 feet above sea level, and is connected to the rest of the first floor by stair number 3.  
The second floor of the MSB consists primarily of instructional areas for maintenance and operations workers, including an electrical rotating machinery shop, chemistry workshops, a process control laboratory, and a basic electricity and electronics shop (see Figure 3 - MSB Second Floor Plan).  In addition, the second floor includes office space for security and learning services personnel.  The second floor is accessed via two stairwells (stairs number 1 and 2), or from an adjacent two-story building via an elevated covered walkway. 
As noted above, the MSB is primarily for training of professional adults.  Therefore, although the building’s primary purpose is educational, no area in the building can be considered for “educational” occupancy, since the occupants are older than twelfth graders.  This distinction will have a significant impact on the egress analysis, as noted below. 
Because the engineering plans for the MSB use English units, this report will also use English units for convenience. 
 
Code Requirements 
Since the MSB was built in the mid-1980s, the codes and standards to which it was built were those in effect at that time.  Therefore, in some cases where the MSB does not comply with current code, it may have complied with the contemporary code.  This report is not intended to review compliance with those contemporary codes, nor to review the decision of the AHJ to certify the building at the time of construction. 
This analysis is performed by comparing the fire protection systems and features of the MSB to current codes.  The specific codes and editions used are specifically addressed in each section of this report. 
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Figure 2 - MSB First Floor Plan 
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Figure 3 - MSB Second Floor Plan 
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Structural Analysis 
Construction Summary 
The MSB is built on a one-foot deep concrete mat foundation (Figure 4).  The exterior columns (i.e., those columns on the exterior wall of the building) are generally supported by strap footings beneath the mat, the interior columns by isolated pads beneath the mat (Figure 5).  
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Figure 4 – General Foundation Layout
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Figure 5 - Typical Footer Detail 
The MSB is a two-story, steel frame building.  Exterior columns are W14x145 steel, interior are W14x159 (Figure 6).  The exception is the column at column line C2, which is above the Maintenance Shop training room and is a W14x68 column.   
 
 
Figure 6 - Column Schedule 
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Outside of the Maintenance Shop Training Room, horizontal members are lighter than the columns; on the second floor, interior girders are W21x73 and exterior girders are W21x57.  Second floor beams are generally W21x44 or W21x83 (for center bay beams) (Figure 7).  Roof girders are lighter still: W16x36 or x45 in most locations.  The center of the roof also supports a penthouse that contains various equipment; this area of the roof includes additional supports and somewhat heavier horizontal members (Figure 8).  As shown in the figures, most horizontal members are attached to supporting columns by moment connections and can therefore be considered fixed at both ends.
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Figure 7 - Second Floor Framing Plan
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Figure 8 - Roof Framing Plan
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MSB columns are typically furred with a single sheet of 5/8” gypsum board (Figure 9); this is done for cosmetic purposes and there are exceptions where columns are not fireproofed.  Beams and girders are typically not provided any fireproofing. 
 
Figure 9 - Typical Furred Column (detail) 
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Figure 10 - Typical Furred Column (photo) 
MSB decking is formed from 18 or 20-gauge sheet steel, with 2’ – 6” thick concrete slab on floors. 
Maintenance Shop Training Room 
The Maintenance Shop Training Room (MSTR) is a large room used for hands-on training of maintenance tasks on large equipment.  The interior and exterior columns in the maintenance shop training room are supported by a one-foot deep concrete mat with additional support of up to 2’ – 10” additional concrete under interior and exterior columns.  This is primarily to support a jib crane that is installed in this room for training and for movement of hands-on training aids.  The maintenance shop training room is effectively a two-story room whose floor is eight feet below that of the rest of the ground floor and whose ceiling is slightly higher than the ceiling in the rest of the ground floor (this is because the maintenance shop training area is not equipped with a drop ceiling).  The ceiling in the maintenance shop training area is 22’ – 6” above the floor. 
Columns in the MSTR are similar in size to the rest of the facility, except that the column at column line C2 only extends from the second floor to the roof.  As a result of this, the girders in the MSTR have double the span and are significantly larger than in the rest of the MSB: the east-west girder is a W36x230 member and the north-south is W33x152 (Figure 7).  Beams and columns in the MSTR are not fireproofed (Figure 11). 
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Figure 11 - Structural Members in MSTR 
Structural Fire Protection Features 
The MSB contains two stairwells and an elevator.  It includes six exterior doors, including two doors each in the main foyer and in the Mechanical Shop training area, which is the single largest room in the building.  These features are discussed in greater detail in Egress Analysis, below.  The MSB is equipped with a fire detection system, with an automatic water sprinkler system that is equipped with fusible links (Figure 13), with numerous fire hose and portable fire extinguisher stations (Figure 12) throughout the building, as discussed in Fire Suppression System Analysis, below, and with additional life safety features such as Automatic External Defibrillators.   
 
Figure 13 - MSB Sprinkler 
Figure 12 - MSB Extinguisher 
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Structural Codes Review 
Applicability 
This evaluation is conducted according to 2010 California Building Code, Title 24, Part 2 (2010 CBC).  The MSB was constructed in accordance with the 1982 edition of the Uniform Building Code. 
All section references in this review are to the 2010 CBC. 
Classification 
Section 304.1 states that Business Group B occupancy includes “educational occupancies for students above the 12th grade”.  Group A-3 occupancy includes “lecture halls” and “libraries”.  The MSB is classified as a mixed-occupancy Business Group B and Assembly Group A-3 structure.  Per section 508.3.2, “the allowable building area and height of the building or portion thereof shall be based on the most restrictive allowances for the occupancy groups under consideration…” 
Building Height and Area Limitations 
2010 CBC states, “The building height and area shall not exceed the limits specified in Table 503 based on the type of construction as determined by Section 602 [discussed below] and the occupancies determined by Section 302 except as modified hereafter.” 
The Table 503 requirements for Groups B and A-3 are: 
Table 1 - Table 503 Summary, Unmodified 
GROUP 
  
TYPE OF CONSTRUCTION 
TYPE I TYPE II TYPE III TYPE IV TYPE V 
A B A B A B HT A B 
HEIGHT (feet) UL 160 65 55 65 55 65 50 40 
STORIES(S)  
AREA (A) 
B 
S UL 11 5 3 5 3 5 3 2 
A UL UL 37,500 23,000 28,500 19,000 36,000 18,000 9,000 
 S UL 12 4 3 4 3 4 3 2 
A-3 A UL UL 15,500 9,500 14,000 9,500 15,000 11,500 6,000  
As stated above, the MSB is two stories in height, and 41,624 square feet in total area, approximately 21,000 square feet on each floor.  According to Table 503 (unmodified), the MSB must be Type I (A or B), due to the inclusion of group A-3 occupancy spaces within. 
However, in accordance with 2010 CBC, several exceptions apply: 
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Story Increase for Sprinkler System 
Section 504.2, “Allowable building height and story increase due to automatic sprinkler system installation”.  For Group B buildings, 2010 CBC states “where a building is equipped throughout with an approved automatic sprinkler system,… the maximum number of stories is increased by one.  The MSB is so equipped, as discussed above, so this allowance is applied. 
Street Frontage 
Section 506.2, “Allowable building area increase due to street frontage”.  Because the MSB is on a private campus, it has no frontage on a public way, and this allowance is not applicable. 
Area Increase for Sprinkler System 
Section 506.3, “Allowable building area increase due to automatic sprinkler system installation”.  As noted above, the MSB is equipped throughout with an approved automatic sprinkler system.  Therefore, “the building area limitation is permitted to be increased by an additional 200 percent for buildings with more than one story above grade plane.”  This allowance is applied. 
Adjusted Allowable Types of Construction 
After accounting for adjustments above, Table 503 can be modified as follows: 
Table 2 - Table 503 Summary, Modified 
GROUP 
  
TYPE OF CONSTRUCTION (MODIFIED) 
TYPE I TYPE II TYPE III TYPE IV TYPE V 
A B A B A B HT A B 
HEIGHT (feet) UL 160 65 55 65 55 65 50 40 
STORIES(S)  
AREA (A) 
B 
S UL 12 6 4 6 4 6 4 3 
A UL UL 112,500 69,000 85,500 57,000 108,000 54,000 27,000 
 S UL 12 4 3 4 3 4 3 2 
A-3 A UL UL 46,500 28,500 42,000 28,500 45,000 34,500 18,000  
After allowed exceptions, the MSB can be built with any type of construction except for Type VB. 
The MSB was constructed to Type IIB requirements.  Type IIB construction requires 0 hour fire resistance ratings for all elements.
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Exterior Walls 
The MSB is 19’ – 4” from an adjacent Group B building (to the northwest).  Therefore, 2010 CBC table 602 applies: 
Table 3 - Table 602 Summary, Exterior Walls 
FIRE SEPARATION DISTANCE = X 
TYPE OF CONSTRUCTION OCCUPANCY GROUP Hf, L 
OCCUPANCY OCCUPANCY 
(feet) GROUP F-1, M, S-1 
GROUP A, B, E, F-2, I, Rh, S-2G, Ub,h 
× < 5c All 3 2 1 
5 ≤ × < 10 
IA 3 2 1 
Others 2 1 1 
10 ≤ × < 30 
IA, IB 2 1 1d 
IIB, VB 1 0 0 
Others 1 1 1d 
≥ 30 All 0 0 0  
Because the separation is between 10 and 30 feet, the third row applies; for a Group B type IIB facility, no fire resistance rating is required for exterior walls. 
Fire Resistance Analysis 
The following analysis is informational; no fire resistance rating is required for structural members of the MSB, as discussed above. 
As discussed above, most MSB columns are furred with 5/8” gypsum wallboard.  The fire resistance of structural steel columns protected by gypsum wallboard is given in section 721.5.1.2 as: 
R = 130 [(h(W’/D))/2]^0.75 
Applied for W14x145 (exterior) columns protected by 5/8” gypsum wallboard: 
h = 5/8” 
W’/D = 2.61 
R = 111 minutes = 1 hour, 51 minutes 
Applied for W14x159 (interior) columns protected by 5/8” gypsum wallboard: 
h = 5/8” 
W’/D = 2.82 
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R = 118 minutes = 1 hour, 58 minutes 
Many of the beams within the MSB are unprotected; accordingly, they cannot be awarded any fire protection rating. 
Structural Analysis Conclusions 
The MSB is small enough that even without automatic sprinkler protection it could have been constructed with no added fire resistive features (i.e., required fire resistance ratings of 0 hours).  In fact, however, it was constructed of noncombustible material (concrete and steel); some members feature fire resistive furring (most columns), but many do not (most beams and girders).  This is at a minimum consistent with the 2010 CBC requirements for a Type IIB building; in many cases the actual fire resistance rating significantly exceeds code requirements.  Additionally, the MSB was constructed with an automatic sprinkler system; this is well above and beyond the requirements of the 2010 CBC. 
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Egress Analysis 
Egress Analysis Overview 
This section will analyze the egress design of the MSB.  In doing so it applies the 2012 version of NFPA 101, the Life Safety Code (LSC), as the applicable regulation.  Because the MSB was designed and built in the mid-1980s, it qualifies as an “existing” building where applicable in the LSC.  In addition to the LSC, the 2010 CBC is also used.  
As noted above, the first floor of the MSB underwent substantial renovation that removed over 3500 square feet of meeting, conference, and utility space and replaced it with offices (business use) and library stacks.  As a result of these renovations, the occupant load of the first floor was substantially reduced (see Occupant Load section below).  By contrast, renovations to the second floor have been minor, specifically including only the replacement of one conference room with office space resulting in a small reduction of the occupant load.  This analysis covers the current configuration. 
Occupancy Classifications and Characteristics 
The MSB is a mixed occupancy building, in accordance with LSC section 6.1.14.2.2, which defines mixed occupancy as “a multiple occupancy where the occupancies are intermingled.”  Occupancies included in the MSB are offices (business use), a library, teaching shops and laboratories (assembly or industrial), meeting rooms (assembly), storage areas (storage use in other than storage and mercantile occupancies), and service areas.  Parentheticals in the previous sentence refer to space use as defined by LSC table 7.3.1.2, “Occupant Load Factor”. 
As required by LSC section 6.1.14.3 for mixed occupancies, “each portion of the building shall be classified as to its use in accordance with Section 6.1”, and “the building shall comply with the most restrictive requirements of the occupancies involved, unless separate safeguards are approved.”  This section will review the occupancy classifications present in the MSB and the LSC requirements for egress associated with those classifications. 
A color-coded markup of the floor plans for the MSB are included as Figure 2 - MSB First Floor Plan and Figure 3 - MSB Second Floor Plan above for reference.  The sections below will refer to those Figures. 
Occupancy Classifications 
Occupancy classifications discussed in this section are per the LSC, 2012 edition.  Occupant load factors are from the LSC Table 7.3.1.2, “Occupant Load Factor”. 
The first floor is dominated by the Document Services and Library area.  This area consists of intermixed stack and reading areas, and is classified throughout as Assembly Use, Library Reading Room, with an occupant load of 50 square feet per person.  Of note, this area also includes office space for library staff that is not separated or partitioned from the rest of the room.  In some cases, 
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these office spaces may be used as reading room occupancy depending on the number of patrons and the number of staff members at any given time.  Therefore, the entire area is classified as Library Reading Room.  Because the office space (as Business Use) or library stack areas (Assembly Use) would have an occupant load of 100 square feet per person, this simplification is considered to be reasonable.  As will be seen, the resulting increase in occupant load of this space will have minimal impact on the overall evacuation time of the MSB.  The library reading room occupancy is a “net” occupancy, and as such is specifically applied only to the library room as described above. 
The first and second floors both contain substantial office floor space.  In accordance with the LSC, these spaces are considered Business Use (occupant load of 100 square feet per person).  Of note, the original engineering drawings of the floor plan designate certain areas of these office spaces as “waiting” areas.  These areas are designated for visitors to the offices (security access and dosimetry offices), and are not to be confused with “waiting” areas as used in table 7.3.1.2 of the LSC, which uses “waiting” areas for assembly occupancies defined in sections 12.1.7.2 and 13.1.7.2 as overflow areas for theaters and other assembly occupancies.  Rather, a Business Use occupancy is appropriate for these areas.  The business use occupancy is a “gross” occupancy; however, since the MSB is a mixed-use building, the occupancy is specifically applied only to the rooms that are designated for business use. 
The first floor plan (Figure 2) shows the Mechanical Shop and support areas, which is actually eight (8) feet below the rest of the first floor.  This room (along with the adjacent Work and Storage Area and numerous rooms on the second floor) is used for vocational training.  Of note, these rooms are not a “shop, laboratory, vocational room” because this classification is a subset of the Educational Use classification and is therefore only applicable to occupants through the twelfth grade.  Because the occupants of the MSB are, in general, adults, “shop, laboratory, vocational room” does not apply.   Two occupancy classifications are considered for these rooms.  The first is “assembly, less concentrated use, without fixed seating” per the LSC, with an occupant load of 15 square feet per person.  However, as discussed below, applying this occupancy will yield unreasonable results.  Therefore, in analyzing the MSB, the “General Industrial Use” occupancy was also considered for these areas.  This occupancy may be appropriate given that the rooms are similar to those found in an industrial facility.  Assembly areas are “net” occupancies, and as such are specifically applied only to the appropriate areas as described above.  The industrial occupancy is a “gross” occupancy; however, since the MSB is a mixed-use building, the occupancy is specifically applied only to the rooms discussed above. 
Both the first and second floors contain storage areas.  Because the building is not generally a storage or mercantile occupancy, these areas are considered “storage use in other than storage or mercantile occupancies” per the LSC, with an occupant load of 500 square feet per person.  The storage occupancy is a “gross” occupancy; however, since the MSB is a mixed-use building, the occupancy is specifically applied only to the rooms that are designated for storage use.  
In the current configuration of the MSB, the second floor contains a small conference room.  This room is considered to be “assembly use, less concentrated use, without fixed seating” per the LSC, 
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with an occupant load of 15 square feet per person.  Assembly occupancies are “net” occupancies, and as such are specifically applied only to the appropriate area as described above. 
Service Spaces 
The MSB contains several service spaces, including small electrical and communications rooms throughout the building, several toilets (three each men’s and women’s rooms).  On the first floor, relatively large mechanical and electrical rooms along with men’s and women’s showers and locker rooms make up the majority of the northwest corner of the building.  Of note, the restrooms are treated as service spaces, since they exist to service other normally occupied areas. 
In addition to this, the MSB includes an elevator in the northwest corner.  The elevator is primarily for service use, and is not credited for egress.  The area taken up by the elevator is treated as a service space. 
Occupant Characteristics 
Per LSC section 5.4.5 (Occupant Characteristics), “occupant characteristics shall represent the normal occupant profile… the basic response characteristics of sensibility, reactivity, mobility, and susceptibility shall be evaluated.”  Per section A.5.4.5.2, these four characteristics “comprise a minimum, exhaustive set of mutually exclusive performance characteristics of people in buildings that can affect a fire safety system’s ability to meet life safety objectives.”  These four characteristics are evaluated as follows: 
 Sensibility: Because the MSB does not include any bunking facilities, occupants are expected to be awake and alert while inside.  Further, because the building is intended for training of adult employees and administrative support, all occupants are expected to be adults.  Although some disabled persons would be expected, it is a place of business occupied primarily by employees; therefore, no occupants would be expected that are disabled severely enough that all of their senses would be significantly degraded.  The MSB is equipped with a fire detection system that is assessed to satisfy the requirements of section 9.6 of the LSC, including both auditory and visual cues.  Therefore, all occupants would be expected to be able to sense the sounding of an alarm.  Reactivity: Because the fire detection system satisfies the requirements of section 9.6 of the LSC, it is not likely that the sounding of an alarm would be misinterpreted.  Industrial safety training culture ensures that personnel are conditioned to respond to all alarms.  Finally, because most occupants are expected to be employees, because the layout of the MSB is relatively simple, and because exit access and exits are appropriately marked per section 7.10 (see Exit Sign Requirements section below), wayfinding is not expected to pose a significant challenge.  Mobility: Queuing is expected at the various exits from the MSB; this will be the primary influencing factor for mobility.  By comparison, relative differences in movement speeds, including individuals with mobility-influencing disabilities, are not expected to contribute significantly to overall building evacuation time.  This conclusion is supported by the results of the Pathfinder model discussed in the Egress Model section below. 
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 Susceptibility: Because the MSB is located in an industrial facility, all occupants are expected to be reasonably healthy adults (employees).  Although typical rates of allergies and minor illnesses (such as colds) are to be expected, significant susceptibility factors are not expected to be present in the MSB. 
Overall, occupants of the MSB are expected to be reasonably healthy, working-age adults.  Although some occupants are likely to suffer from some mobility disability, significant cognitive or susceptibility deficiencies would not be expected. 
Egress Analysis: Occupant Load and Exit Capacity 
Occupant Load 
If the “Assembly” occupancy classification is applied to vocational training rooms, the current configuration of the MSB has a total occupant load of 1093 people; 541 on the first floor and 552 on the second floor.  In contrast, applying the “General Industrial Use” occupancy classification to vocational training areas yields a total occupant load of 407 people; 220 on the 1st floor and 187 on the 2nd floor.  This is based on the occupancy types discussed above, and is calculated per room in Table 4.  In cases where the occupancy arithmetic resulted in a “fractional person”, the occupant load was rounded up.  For comparison, when applying “Assembly” occupancy classification to the vocational rooms, the original MSB configuration had a total occupant load of 1367 people; 786 on the 1st floor and 581 on the 2nd floor. 
As discussed above, the training shops and laboratories in the MSB cannot be classified as “educational; shops, laboratories, or vocational rooms” per the LSC because the occupants are adults.    Instead, these rooms must be classified for occupancy either similar to university classrooms (assembly, less concentrated, without fixed seating) or for occupancy as General Industrial Use areas.  The former yields conservative, arguably unrealistic, results.  For example, the combined floor area of the Mechanical Shop and Work and Storage Areas on the 74’ elevation is 5660 square feet, which yields 378 total occupants (15 square feet per occupant), well in excess of occupancy typically observed in these rooms, and well in excess of the number of students that could be effectively involved in training activities within them.  
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Table 4 - MSB Room Occupancy (General Industrial Use in Parenthesis, where applicable) 
Room Description Area (sqft) Classification (LSC, 2012) (Alternate in Parens) 
Load Factor (sqft/pers) (Alt) Occupants (Alt) 
106 Electrical Room 319 Normally Unoccupied Building Support Area N/A 0 
107 Mechanical Equipment 220 Normally Unoccupied Building Support Area N/A 0 
109 Women's Locker Room 290 Normally Unoccupied Building Support Area N/A 0 
111 Men's Locker Room 496 Normally Unoccupied Building Support Area N/A 0 
116 Converted Office Space 1012 Business Use 100 11 
118 Whole Body Counter 385 Business Use 100 4 
119 Respir. Fitting 149.5 Business Use 100 2 
122 Dosimetry 565.5 Business Use 100 6 
123 Waiting 472.5 Business Use 100 5 
124 Comm. Closet 143 Normally Unoccupied Building Support Area N/A 0 
127 File Room 264 Business Use 100 3 
129 Waiting 475 Business Use 100 5 
130 Security Access Control 1134 Business Use 100 12 
131 Supv. 144 Business Use 100 2 
132 Asst. Supv. 126 Business Use 100 2 
134 Men's Room 192.5 Normally Unoccupied Building Support Area N/A 0 
154 Bldg. Storage 84 Storage Use in Other Occupancies 500 1 
137 Storage 42 Storage Use in Other Occupancies 500 1 
138 Storage 105.5 Storage Use in Other Occupancies 500 1 
140 Women's Room 178.5 Normally Unoccupied Building Support Area N/A 0 
143 MMPI 108 Business Use 100 2 
144 Document Services and NPG Library 5062 Library Reading Rooms 50 102 
153 Electrical Closet 30 Normally Unoccupied Building Support Area N/A 0 
152 Communication Closet 20 Normally Unoccupied Building Support Area N/A 0 
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Room Description Area (sqft) Classification (LSC, 2012) (Alternate in Parens) 
Load Factor (sqft/pers) (Alt) Occupants (Alt) 
157 Office 182 Business Use 100 2 
158 Tool Room 252 Storage Use in Other Occupancies 500 1 
159 Storage 408 Storage Use in Other Occupancies 500 1 
161 Mechanical Shop 4181 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 279 (42) 
162 Work and Storage Area 1479 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 99 (15) 
205 Electric Rotating Machinery Shop 745 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 50 (8) 
207 Men's Room 271 Normally Unoccupied Building Support Area N/A 0 
209 Women's Room 179 Normally Unoccupied Building Support Area N/A 0 
210 Janitor's Closet 81 Storage Use in Other Occupancies 500 1 
212 Conference Room 515 Assembly Use; Less Conc., w/o fixed seating  15 35 
214 Converted Office Space 252 Business Use 100 3 
215 Supervisor's Office 102 Business Use 100 1 
216 Staff Work Area 150 Business Use 100 2 
217 Security Offices 1512 Business Use 100 16 
218 Visitor 102 Business Use 100 1 
219 Reception 150 Business Use 100 2 
220 Communication Closet 119 Normally Unoccupied Building Support Area N/A 0 
224 Basic Electricity & Electronics Shop 969 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 65 (10) 
225 Storage 269 Storage Use in Other Occupancies 500 1 
226 Shop Office 156 Business Use 100 2 
227 Process Control Shop 1173 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 79 (12) 
229 I&C Shop 1122 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 75 (12) 
233 High Level Decontamination Lab 459 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 31 (5) 
234 Radiation Lab Storage 153 Storage Use in Other Occupancies 500 1 
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Room Description Area (sqft) Classification (LSC, 2012) (Alternate in Parens) 
Load Factor (sqft/pers) (Alt) Occupants (Alt) 
237 Counting Room 189 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 13 (2) 
238 Contamination Radiation Control Laboratory 287 Assembly Use; Less Conc., w/o fixed seating (Industrial Use; Gen) 15 (100) 20 (3) 
239 Chemistry Lab 1479 Assembly Use; Less Conc., w/o fixed seating  (Industrial Use; Gen) 15 (100) 99 (15) 
240 Chemistry Lab Storage 109 Storage Use in Other Occupancies 500 1 
241 Balance Room 90 Storage Use in Other Occupancies 500 1 
243 Chemistry Lab Office 124 Business Use 100 2 
247 Office Area 5065 Business Use 100 51 
 1st Floor Total  541 (220) 
 2nd Floor Total  552 (187) 
 Building Total  
1093 (407)  
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Figure 14 - Exit Capacities for MSB 1st Floor 
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Figure 15 - Exit Capacities for MSB 2nd Floor 
T. P. Stanton FPE 596 Report  
35 MSB Egress Analysis 
Exit Capacity 
The exit capacity for the MSB is calculated based on the exits discussed above.  
The exit capacity for all exits on the first floor (including the 74 and 82 foot elevations) is 1440 people (see Figure 14).  This total excludes two large rolling doors on the 74 foot elevation (from the Mechanical Shop and the Work and Storage Area), because they are not allowable exits per the LSC.  Specifically, section 7.2.1.4.1.(3) notes that vertical-rolling door assemblies are permitted, provided that they remain secured in the fully open position during periods of occupancy.  Because they are not secured in the fully open position, they are not permissible as exits.  Furthermore, during MSB walk-throughs performed for this report, the floor space on the inside of the vertical-rolling doors were not clear of obstructions, contrary to section 7.2.1.15.7(1).  See Figure 16. 
 
Figure 16 - Mechanical Shop Rolling Door 
Using the “Less Concentrated Assembly Use” occupancy for vocational training areas, the maximum load of the entire 1st floor is 541; using the “Industrial Use” occupancy gives an occupant load of 220.  The exit capacity of the entire first floor is shown in Table 5 - MSB 1st Floor (74’ and 82’) Exit Capacity.  The table shows all components of each exit and in the final column shows the minimum capacity of all of the components in series. 
Assembly Use:  The 74 foot elevation is connected to the 82’ elevation by stair number 3, which is a 42” wide stair with a 36” door at the top (82’ elevation).   This stair is an exit access that could effectively restrict access to or from the 74’ elevation.  Further analysis is warranted per LSC 7.3.1.1.1, which states “the total capacity of any … tier … shall be sufficient for the occupant load thereof.”  This analysis is begun by effectively taking the 74 and 82 foot elevations as two separate 
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floors.  As shown in Table 5 - MSB 1st Floor (74’ and 82’) Exit Capacity, 82’ elevation exit capacity is 1080, more than the maximum occupancy of the 82’ elevation of 159 occupants.  The 74’ elevation exit capacity is 360 (not including rollup doors), which is slightly less than the maximum occupancy of all rooms at 74’ of 382 occupants.  However, by adding in the capacity of stair number 3 and Door 163 at the top of the stair (140 people, limited by the 42” stair), the total capacity is 500 people, which is more than the maximum occupancy of all rooms at 74’ of 382 occupants.  As discussed in more detail below, this is consistent with the agent-based Pathfinder model results. 
Industrial Use:  This analysis will change somewhat if the “General Industrial Use” occupancy classification is applied as discussed in the Occupancy Classifications section above.  Given this occupancy classification, the egress capacity for both the entire 1st floor and for each tier is adequate for the alternate occupancy load of 220 people; 61 on the 74’ elevation and 159 on the 82’ elevation. 
Per LSC 7.3.1.1.2, “…the loss of any one means of egress leaves available not less than 50 percent of the required capacity.”  As can be seen from Table 5 - MSB 1st Floor (74’ and 82’) Exit Capacity, the loss of the highest-capacity exit from the 1st floor will not reduce the egress capacity less than 50 percent of the required capacity.  The same is true of both the 74’ and the 82’ elevation taken as a tier.  
Therefore, the egress capacity of the first floor taken as a whole satisfies the prescriptive requirements of the LSC for either of the occupancy cases considered. 
Table 5 - MSB 1st Floor (74’ and 82’) Exit Capacity 
Exit Comp1 Comp2 Min Cap 
Door 103 (82’) Door103   360 
Door 104 (82’) Door104   180 
Door 101 (82’) Door101 Door111 180 
Door 102 (82’) Door102 Door119 360 
Door 107 (74’) Door107   180 
Door 105 (74’) Door105   180 1st Floor Total Egress Capacity     1440 
  82’ Egress Cap     1080 
  74’ Egress Cap   360 
1st Floor Max Load (Assembly Use) 541 
  82’ Space Max Load     159 
  74’ Space Max Load   382 
1st Floor Max Load (Industrial Use) 220 
  82’ Space Max Alt Ld     61 
  74’ Space Max Alt Ld   159  
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The exit capacity for all exits on the second floor is 473 people (see Figure 15).  Using the “General Industrial Use” occupancy for vocational training areas, the maximum capacity of the 2nd floor is 187, as discussed above.  The exit capacity of the second floor is shown in Table 6 - MSB 2nd Floor Exit Capacity.  It can be seen from Table 6 that the egress capacity for the 2nd floor is adequate for the alternate occupancy load of 187 people. 
However, using the “Less Concentrated Assembly Use” occupancy for vocational training areas, the maximum capacity of the 2nd floor is 552.  Therefore, as can be seen from Table 6, the egress capacity of the second floor using this occupancy does not satisfy the requirements of the LSC.   
Additionally, per LSC 7.3.1.1.2, “…the loss of any one means of egress leaves available not less than 50 percent of the required capacity.”  As can be seen from Table 6 - MSB 2nd Floor Exit Capacity, the loss of the highest-capacity exit (the horizontal exit through door 201) from the 2nd floor using the “General Industrial Use” occupancy will not reduce the egress capacity to less than 50 percent of the required capacity.  If the “Less Concentrated Assembly Use” occupancy is applied, the loss of the highest-capacity exit will reduce the egress capacity to less than 50 percent of the required capacity.  Of note, it will not reduce the total egress capacity by more than 50 percent of the actually provided capacity.  
Table 6 - MSB 2nd Floor Exit Capacity 
Exit Comp1 Comp2 Comp3 Min Cap 
Stair1 Door202 Stair1 Door110 146.67 
Stair2 Door223 Stair2 Door132 146.67 
Door 201 Door201 Door203   180 2nd Floor Total Egress Capacity       473.33 
2nd Floor Max Load (Assy) 552 
2nd Floor Max Load (Industrial) 187  
Number of Exits 
Per LSC section 7.4.1.1, “the number of means of egress from any balcony, mezzanine, story, or portion thereof shall not be less than two…”  As discussed above, both the first and second floors of the MSB include more than two exits (specifically, six exits for the first floor, three exits for the second).  In addition, the 74’ and 82’ elevations could be considered different portions of the first floor, as described in the text of section 7.4.1.1.  As shown in Table 5, the 74’ elevation contains two exits, not including the two rollup doors or the stair number 3 exit access to the 82’ elevation, and the 82’ elevation contains four exits.  Therefore, both portions of the first floor satisfies the requirement of LSC section 7.4.1.1. 
Since each floor has a maximum occupant load less than 1000, no less than three exits are required for each story per LSC section 7.4.1.2; this requirement is clearly satisfied.  Using the Industrial Use occupancy results in maximum occupant loads of less than 500 for both floors which would allow 
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for only two exits from each floor.  However, applying Assembly occupancy results in a maximum occupant load of greater than 500, requiring three exits.  While clearly satisfied on the first floor, the fact that one of the stairways and the horizontal egress are adjacent to one another challenges this requirement for the second floor. 
Per LSC section 7.4.1.6, each elevator landing (the elevator in the MSB opens only into exit access on the main floors at 82 and 97 feet) and lobby (the main exit lobby) has access to exit. 
Of note, several sections of the LSC discuss the equipping of exits with locks and panic hardware.  Exits in the MSB are not normally locked, and all exit doors are equipped with hardware for occupant release in accordance with section 7.2.1.5.6 for Electrically Controlled Egress Door Assemblies. 
Arrangement of Exits 
The MSB satisfies the applicable requirements of 7.5 (Arrangement of Means of Egress) and of the applicable occupancy-specific chapters: 13.2.5 (Existing Assembly Occupancies), 39.2.5 (Existing Business Occupancies), and 40.2.5 (Industrial Occupancies).  Several sections merit further discussion below. 
In general, two exits are accessible from every exit access corridor and open floor areas, and do not require passage through any areas aside from corridors and lobbies, satisfying sections 7.5.1.1.1, 7.5.1.1.2, and 7.5.1.2. 
Most exits are remotely located from each other.  On each floor, at least two exits are separated by well over 1/3 the length of the maximum overall diagonal dimension of the building, as required for a building protected throughout by an approved sprinkler system per section 7.5.1.3.3. 
The total travel distance to an exit from any point in the MSB does not exceed the most restrictive requirements of the applicable occupancies.  Specifically, the maximum travel distance on the 1st floor is from the most remote corner of the library, which measures 130’.  The maximum travel distance on the 2nd floor is from the south wall of the southern large office area, and measures 188’.  The maximum travel distance of the assembly (section 13.2.6.2(1)) and general use industrial (Table 40.2.6) occupancies is 250’ for buildings with approved sprinkler systems.  Sprinkler-protected business occupancies have a 300’ maximum (section 39.2.6.3). 
Due to the arrangement of the MSB, common path of travel is not an issue.  For all spaces multiple exits are available via separate exit accesses. 
The MSB includes no significant dead ends.  Of note, the 61’ corridor leading from the main east-west corridor on the 1st floor to the back entrance of the library and security access control office discharges into two rooms (the library and security access control office) that both have other discharges into exit access, and therefore are not considered dead ends.  The distance from the exit access to the elevator doors is under 6’ long, and the distance from door 110 (the first floor entrance to stair number 1) to the end of the east-west corridor is 3’ long.  Both of these dead ends are well within the dead end maximum length requirements of all applicable occupancies (business 
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Figure 17 - Stair Details 
use, assembly, and industrial), the limiting being section 13.2.5.1.3 (for Existing Assembly Occupancies) of 20 feet. 
Egress Features 
Exit Access 
Per LSC section 3.3.82, exit access is “that portion of a means of egress that leads to an exit.”  In the MSB, exit access consists of six-foot wide corridors throughout the first and second floors.  In addition, stair number 3 connects the Mechanical Shop at 74 feet elevation to the main first floor at 82 feet. 
Exits 
There are four doors from the spaces at 74’ elevation: the Mechanical Shop and Work and Storage Area.  Two of these are 36” doors, and two are large rolling doors; one manually operated, and one electrically.  However, as discussed in Exit Capacity, above, the two rolling doors are not allowable exits; therefore, there are two exits directly from the 74’ elevation.  From the main first floor (84’ elevation), there are four exits.  The north side of the building includes two separate exits, one 36” (Door 101) and one 72” (Door 102).  In addition, the main exit atrium includes two separate doors, one 36” (Door 104) and one 72” (Door 103). 
There are two stairways connecting the 82’ and 97’ elevations: stairs number 1 and 2 (see Figure 17 for details).  In addition, a 36” door (Door 201) exits directly from the second floor to an elevated covered walkway that leads to an adjacent two-story building. 
All stairs in the MSB are built with 7.5” risers and 10” treads (Figure 17). This does not affect egress calculations per the LSC; table 7.3.3.1 does not account for variances in stair risers or treads.  It does, however, affect manual evacuation time calculations, as discussed below. 
Although the MSB is equipped with an elevator, it does not satisfy the requirements of the LSC for use as a means of egress, and is therefore not credited as such. 
All exits are highlighted in red in Figure 2 - MSB First Floor Plan and Figure 3 - MSB Second Floor Plan. 
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Figure 18 - MSB Typical Stairway Detail 
Horizontal Exit 
The 36” Door 201 exiting from the second floor onto an elevated covered walkway, which then allows access through a 36” door into an adjacent, unconnected building.  This report will not model the adjacent building, but assumes that no queuing will occur therein and therefore the adjacent building is assumed to be able to accommodate the full egress capacity of Door 201.  This assumption is reasonable because multiple pathways are available in the adjacent building such that no queuing that would spill back into the MSB would be expected.  Therefore, the limiting egress component will be the 36” doors in the horizontal exit of the MSB. 
Atrium 
The MSB contains a 270 square foot atrium on the east end of the building.  Two exit doors, including one 72” double door and one 36” door, are located in the atrium.  On the 1st floor, the atrium includes three interior doors, one 36” door to stair #2, one 36” door to a communications closet, and one 72” double door into the 1st floor corridor.  On the 2nd floor, the atrium is open to the corridor that runs throughout the floor. 
Because the atrium communicates with the corridors on the 2nd floor, it does not qualify as either a “Communicating Space” per LSC section 8.6.6, or a “Convenience Opening” per section 8.6.9.  Therefore, the requirements of section 8.6.7 apply.  An analysis of those requirements follows: 
 8.6.7(1) requires that the atrium be separated from adjacent spaces by one hour fire rated barriers with opening protective for corridor walls.  Since the MSB atrium is open to the second floor corridor, the subsections apply.  For new construction, any number of levels 
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are permitted to open directly to the atrium without enclosure based on the results of an engineering analysis.  In the case of the MSB, however, 8.6.7(1) is satisfied per subsection (a), as it is a previously approved atrium.  Similarly, 8.6.7(5) does not apply for a previously approved atrium. 
 8.6.7(3) requires that the occupancy meet the specifications for classification as low or ordinary hazard contents.  Since this small atrium contains no furniture, this requirement is met. 
 8.6.7(4) requires that the building be protected throughout by an approved, supervised sprinkler system.  This requirement is met for the MSB, as it is equipped with a satisfactory sprinkler system. 
Egress Regulatory Requirements Analysis 
Horizontal Exit 
LSC section 7.2.4 addresses requirements for Horizontal Exits. 
 Section 7.2.4.1.2 states that “Horizontal exits shall be permitted to be substituted for other exits where the total egress capacity and the total number of the other exits (stairs, ramps, door openings leading outside the building) is not less than half that required for the entire area of the building or connected buildings, and provided that none of the other exits is a horizontal exit, unless otherwise permitted by 7.2.4.1.3.”  The MSB horizontal exit constitutes 38% (less than 50%) of the total egress capacity and is only one of three total exits (less than 50%) from the 2nd floor, as can be seen in Table 6 - MSB 2nd Floor Exit Capacity.  This requirement is satisfied. 
 Because the horizontal exit from the MSB actually leads to a bridge out of the building, most of the requirements of 7.2.4.2 (Fire Compartments) only apply to the second floor of the MSB itself.  All of these requirements are satisfied.  Also, the requirements of 7.2.4.3 (Fire Barriers) are all satisfied in part because fire barriers need to be provided only as required by section 7.2.4.4 (discussed below) due to the bridge that serves the horizontal exit between buildings.  
 Section 7.2.4.4 contains provisions regarding bridges serving horizontal exits between buildings.  The horizontal exit from the MSB is served by a bridge that connects to the adjacent building.  Per this section, a minimum 2-hour fire resistance-rated barrier shall extend vertically from the ground to a point 10 feet above the bridge or to the roofline, and horizontally for not less than 10 feet to each side of the bridge.  The wall between the covered walkway and the MSB from the ground floor up to the roofline consists of an unrated curtain wall layered as follows (from the interior side): 5/8” type X gypsum wallboard, 4” of insulation supported by 14 gauge channel-shaped studs at 12” O.C., then 2” aluminum honeycomb metal panel (Figure 19).  Layered onto this (making up the wall of the walkway on both elevations) is a 1-hour fire rated partition made up of No. 16 gage 
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studs 16” O.C. layered on both sides with 5/8” type X gypsum wallboard for a total thickness of 5-1/4” (Figure 20).  Of note, the latter layer satisfies the requirements of the International Building Code (IBC) table 721.1(2), “Rated Fire Resistance Periods for Various Walls and Partitions”, item number 13-1.3.  Note that this construction does not satisfy the requirement for a minimum 2-hour fire resistance-rated barrier.  However, the bridge serving the horizontal exit is compliant per LSC section 7.2.4.4.3, which states that “the requirements of 7.2.4.4.2 shall not apply to approved existing bridges.”
 
Figure 19 - Exterior Wall Detail      
Figure 20 - Interior Partition Detail 
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Fire Resistance Ratings 
LSC section 7.1.3.2.1 contains fire resistance rating requirements for Exits.  Section 7.1.3.2.1.(1) states that “the separation shall have a minimum 1-hour fire resistance rating where the exit connects three or fewer stories.”   The corridors and exits in the MSB are all enclosed by one hour fire rated partitions (see Figure 20), with the exception of the main entrance, which is open on the 97’ elevation to the corridors.  This also satisfies section 7.1.3.1, which requires that exit access corridors in the MSB have a minimum 1-hour fire resistance rating.   
The required fire resistance rating for vertical shafts (in the MSB, stairs 1 and 2) is given in LSC section 8.6.5 for existing enclosures in existing buildings as ½ hour.  Of note, for new construction of stairwells connecting fewer than four stories the required fire resistance rating would be 1 hour.   All stairwells in the MSB are all enclosed by one hour fire rated partitions (see Figure 20). 
Fire resistance ratings of openings is given in the LSC in Table 8.3.4.2, “Minimum Fire Protection Ratings for Opening Protectives in Fire-Resistance Rated Assemblies and Fire-Rated Glazing Markings”.  Doors in stairwells and fire barriers are 20 minute (1/3 hour) fire rated, in accordance with Table 8.3.4.2 requirements for existing vertical shafts and exit access corridors.  However, MSB doors in the horizontal exit are not rated, contrary to the Table and LSC section 7.2.4.4.2.  Accordingly, they fall under LSC section 7.2.4.4.3, “the requirements of 7.2.4.4.2 shall not apply to approved existing bridges.” 
Exit Sign Requirements 
The exit sign requirements of LSC section 7.10 are satisfied by the MSB.  Select sections are discussed below: 
 7.10.1.2 (Exits): All exits, with the exception of main exterior exits, are equipped with readily visible signs (see Figure 21).  Tactile signage is not provided as permitted by section 7.10.1.4 for existing buildings. 
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Figure 21 - Typical MSB Exit Signs 
 7.10.1.5 (Exit Access): Access to exits are marked as required (see Figure 22).   
  
Figure 22 - Typical MSB Exit Access Signs 
 7.10.1.6/7: Floor proximity exit signs and egress path marking are not required for applicable occupancies. 
 Sign visibility (7.10.1.8), mounting location (7.10.1.9), legend (7.10.3), power source (7.14), illumination (7.10.5) are satisfied. 
In addition to the section 7.10 requirements, section 13.2.10.3 for exiting assembly occupancies is satisfied, which requires that “evacuation diagrams in accordance with 7.10.8.5 shall be provided.” 
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Interior Finish Requirements 
Per LSC section 7.1.4, interior wall and ceiling finish in exit enclosures shall Class A or B. 
Existing Assembly Occupancies (Chapter 13): 
 13.3.3.2: Corridors and Lobbies: Walls and Ceilings Class A or B 
o Satisfied: MSB Corridor walls are finished with painted gypsum wallboard or exterior curtain wall panels.  Ceiling finished with lay-in acoustical panels (Class B or better) (see Figure 23). 
 
Figure 23 - Typical Corridor 
 13.3.3.2: Enclosed Stairways: Walls and Ceilings Class A 
o Satisfied: MSB enclosed stair #1 and #2 walls and ceilings are finished with painted gypsum wallboard (see Figure 24). 
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Figure 24 - Stair #2 Gypsum Wall and Ceiling 
 13.3.3.3: Assembly Areas with occupant loads of 300 or fewer: Walls and Ceilings Class A, B, or C 
o Satisfied: MSB library walls finished with painted gypsum wallboard or exterior curtain wall panels.  Ceiling finished with lay-in acoustical panels (Class B or better). 
Existing Business Occupancies (Chapter 39): 
 39.3.3.2.1: Exits and Exit Access Corridors: Walls and Ceilings Class A or B 
o Satisfied: As discussed above, exit access corridor walls finished with painted gypsum wallboard or exterior curtain wall panels; ceiling finished with lay-in acoustical panels.  Exits and vestibule walls finished with painted gypsum wallboard, exterior curtain wall panels, or vinyl wall covering (Class B or better); ceiling finished with lay-in acoustical panels or painted gypsum wallboard. 
 39.3.3.2.2: All other: Walls and Ceilings Class A, B, or C 
o Satisfied: All walls in the MSB are finished with one of the following materials: painted gypsum wallboard, demountable partitions, exterior curtain wall panels, vinyl wall coverings, or acoustical applied panels (Class C or better); some select walls include 3/4” plywood (Class C or better).  All ceilings are finished with one of the following materials: lay-in acoustical panels, steel deck, painted gypsum wallboard, applied acoustical panels, or aluminum panels. 
Industrial Occupancies (Chapter 40): 
 40.3.3.2: Operating Areas: Walls and Ceilings Class A, B, or C 
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o Satisfied: All vocational training areas walls are finished with gypsum wallboard; some have acoustical applied panels.  Ceilings are finished with steel deck or lay-in acoustical tiles. 
 40.3.3.3.1: Exits and Exit Enclosures: Floors Class II 
o Satisfied: All exit and vestibule floors are either terrain or ceramic tile (Class II or better). 
Egress Emergency Movement 
Evacuation Time Calculations 
For these calculations, the more conservative occupancy assumption is made that shop areas are occupied as Assembly Use, less concentrated without fixed seating.  Modeling them as such will yield a result that can be used as a bounding value in assessing the performance of the MSB’s egress systems, whether Assembly Use or General Industrial Use is applied to vocational training spaces.   
Pauls’ Correlation 
A first approximation of the total evacuation time can be easily reached by applying the correlation previously proposed by Pauls.  For populations less than 800 (referring here to the 2nd floor): 
ݐ௠௜௡ = 2.0 ൅ 0.0117ሺ ܲ௘ܹሻሺ
݌݁݋݌݈݁
݉݅݊ݑݐ݁ሻ 
Using the Assembly Use assumptions for vocational training areas, P=552 on the 2nd floor.  The egress paths from the 2nd floor consist of the two stairways served by 36” doors and the horizontal exit also served by a 36” door.  To determine the effective width, the boundary layer of 6” per SFPE Handbook, 3rd edition, table 3-14.1 is subtracted from both sides of the door; each exit then has an effective width of 24”.  Therefore, the total effective width of the 2nd floor egresses is 72”, or 1.83 meters.  Plugging these values into Pauls’ equation yields a tmin = 5.53 minutes, or 5 minutes 32 seconds. 
Hydraulic Model 
A hydraulic model from the SFPE Handbook, 3rd edition, section 3, chapter 14, Emergency Movement can also be applied to determine egress time from the MSB. 
The layout of the MSB is complex enough that some assumptions will need to be made to allow for a reasonable hand calculation.  Specifically, applying the SFPE Handbook “more detailed” method will not yield superior results to the “first order approximation” method, in that the “first order approximation” assumptions provide the simplification needed for the complex MSB floor plan.  A sensitivity analysis of this assumption is discussed further below.  The hydraulic model is applied as follows: 
Assumptions:   
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The primary controlling factor will be the flow through the stairway or the door discharging from them.  Queuing will occur, and the specific flow will therefore be the maximum specific flow.  Occupants start their evacuation simultaneously and use all exits “in the optimum balance”.  The time to travel from the stair discharge to the building exits can be neglected. 
Estimate flow capability of a stairway and door:  
Per SPFE Handbook table 3-14.1, doors and stairs have 6 inch boundary layers.  Therefore, the effective width of the doors will be 24 inches and of the stairs will be 32 inches. 
The maximum specific flow is given by SFPE Handbook table 3-14.5 as 24.0 persons/min/foot of effective width for doors and as 17.1 persons/min/foot of effective width for 7.5” x 10.5” stairs.  Based on this, 36 inch doors will have a flow of 48 people per minute, and 44 inch stairs a flow of 45.6 people per minute.  Therefore, the stairs will limit the flow to 45.6 people per minute. 
Estimate the speed of movement for estimated stairway flow: 
Per SFPE Handbook Figure 3-14.5, density D = 0.175 persons/sqft.  From Table 3-14.2, k = 212 for English units, and from Equation 3, a = 2.86 in English Units.  Then: 
ܵ = ݇ − ܽ݇ܦ = 212 − 2.86 ∗ 212 ∗ 0.175 = 105 ݂ݐ/݉݅݊ 
From SFPE Handbook Table 3-14.3, the travel distance between floors is 15 ft * 1.66 = 24.9 ft on the stair slope plus 7 ft on each of the top and bottom landings plus 9.5 feet on the middle landing for a total of 24.9 + 7 + 7 + 9.5 = 48.4 feet.  Using S calculated above, the total travel time between floors will be 48.4/105 = 0.49 min/floor. 
Estimate building evacuation time: 
As shown above, each of two stairs can discharge 45.6 people/minute.  In addition, the horizontal exit can discharge 48 people/minute.  The total escape rate is 139.2 people/minute.  The total population of the 2nd floor is 552 people.  It will take 3.97 minutes for all of these people to pass through the exits.  It will take an additional 0.49 minutes for people from the second floor to reach the stair bottom door on the 1st floor, for a total of 4.46 minutes, or 4 minutes 28 seconds.   
Analysis of Assumptions 
As discussed above, the layout of the MSB recommends it to certain simplifying assumptions.  The first is assuming that there will be no delay in evacuation associated with the amount of time it will take for the occupants of the 2nd floor to reach maximum specific flow (i.e., to begin queuing).  Based on the layout of the second floor (see Figure 3), the average travel distance from any given point on the floor to the nearest exit stairway is approximately 50 feet (this is a very rough estimate based on visual inspection), which can be covered by a healthy adult in: 50 feet / 224 ft/min = 13.4 seconds.  This is 5.0% of the total evacuation time estimated in question 3, and is therefore not significant.  This assumption is also validated by the Pathfinder results, discussed below. 
The second assumption neglects the amount of time it will take for escapees to travel from the discharge of each stairway to the exit doors on the first floor.  Maximum egress from the bottom of 
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stair #1 to the nearest exit through door 101, is approximately 25 feet.  This can be covered by a healthy adult in 25 feet / 224 ft/min = 6.7 seconds, or 2.5% of the total evacuation time, and therefore not significant. 
The next assumption is that occupants will use the exits in optimum balance.  This assumption is very difficult to validate, and departures from it could have a significant impact on the total evacuation time, as will be seen in the Pathfinder analysis in the Egress Model section below.  This possible variance can be minimized by use of fire plans, training, and fire drills. 
The analysis assumes uniformity in the characteristics of the escapees, and assumes that all of them are able-bodied adults.  If only a few of them have disabilities that affect their movement speed, however, a significant impact on total evacuation time is not expected since queuing (as opposed to movement speed) is the primary controlling factor, as discussed above. 
The analysis neglects variation due to occupants initiating their escape at different times, and neglects any pre-movement time.  Although typically pre-movement times in office buildings can be very short, every 10 seconds of delay will increase the total evacuation time by about 4%.   
Finally, this analysis neglects the potential impact of the fire itself on the use and availability of the egress system.  For example, a fire in a stairwell (or between a stair exit door and a building exit on the first floor) will obviously have a major impact on evacuation time.  This possibility is minimized by application of code requirements for fire rating of vertical shafts, and by control of the combustible materials and finish requirements for stairwells.  Counter-flow such as emergency response personnel moving up the stairway is not likely to have a significant impact on a two-story building like the MSB. 
As can be seen from the sensitivity studies above, the assumptions made in calculating the evacuation time of the MSB must be clearly understood.  The use of the Pathfinder egress model discussed below will be useful in investigating some of the assumptions.   The SFPE Handbook notes in the Emergency Movement chapter on page 3-377 that “large multi-story office buildings (some high-rise) demonstrated evacuation times in the range of twice the modeled time where a highly organized evacuation system was present; and up to three times the modeled evacuation time when there had been no training and no organization.”  Although the MSB does not qualify as a large, high-rise office building, it is to be expected that the results of the hydraulic egress model will be somewhat non-conservative for the reasons discussed above. 
Egress Model 
Egress from the MSB was modeled using Pathfinder 2013.  Models were generated based on the original floor plan and on the current floor plan, as discussed in the Egress Analysis Overview and Occupancy Classifications and Characteristics sections above.  For the purposes of this model, the assumption that shop areas are occupied as Assembly Use, less concentrated without fixed seating is used.  Modeling them as such will yield a result that can be used as a bounding value in assessing the performance of the MSB’s egress systems.  
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Figure 25 - 74' (Mechanical Shop) Elevation – Pre Evacuation shows the occupants in the mechanical shop and associated areas on the 74’ elevation prior to evacuation.  It can be clearly seen that the number of occupants in the room is excessive for a room devoted to hands-on mechanical training.  This occupant load was retained, however, for the purposes of the model.  Similarly, Figure 27 – 97’ (2nd Floor) Elevation – Pre Evacuation shows occupant load utilizing the Assembly Use assumption in the shop areas.  The model does not include non-fixed equipment in these rooms, yet clearly shows that the number of occupants in the room is excessive for vocational training spaces (although perhaps not for traditional classrooms, which these spaces are not).  Nevertheless, modeling them as such will yield a result that can be used as a bounding value in assessing the performance of the MSB’s egress systems.  Since the 82’ elevation (1st floor aside from the Mechanical Shop) does not include vocational training areas, its modeled occupancy is unaffected by this assumption, as can be seen in Figure 26 - 82' (1st Floor) Elevation - Pre Evacuation. 
 
 
Figure 25 - 74' (Mechanical Shop) Elevation – Pre Evacuation 
 
Figure 26 - 82' (1st Floor) Elevation - Pre Evacuation 
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Figure 27 – 97’ (2nd Floor) Elevation – Pre Evacuation 
Egress Model Results 
The Pathfinder model described above predicted that the last occupant would escape the MSB 330 seconds (5 minutes, 30 seconds) after egress commences.  After 30 seconds, there is significant queuing at the doors of the mechanical shop and inside the vocational training rooms.  Using the alternate occupancy for vocational training rooms (Industrial Use), these rooms are cleared at 30 seconds. 
 
Figure 28 - Evacuation, 30 seconds 
By 60 seconds, all evacuees are queued for exit, as shown in Figure 29.  Note that even at this point in the Assembly Use scenario, all of the vocational training rooms have not been cleared on the second floor. 
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Figure 29 - Evacuation, 60 seconds 
After 120 seconds (Figure 30), all evacuees are queued in the corridors, and the mechanical shop is nearly cleared of occupants. 
 
Figure 30 - Evacuation, 120 seconds 
As noted above, it takes another three and a half minutes for the building to clear as the queued occupants file out the exits. 
The Pathfinder model does not predict optimum usage of the exits from the MSB.  The majority of the occupants of the mechanical shop do escape through the two approved exits; doors 105 and 106.  The two large roll-up doors are modeled in Pathfinder and can be seen in the screen captures above, although they are not used (i.e., are modeled as closed), since they are not approved egress per the LSC, as discussed above.  Clearly if the occupants of the mechanical shop managed to get even one of them open (recall that one is electrically opened and the other manually), the 
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mechanical shop and its adjacent areas on the 74’ elevation would be evacuated quite quickly.  Running the Pathfinder model with these doors opening after an appropriate delay (10 seconds for the electrically operate door and 15 for the manual) shows that the elevation clears in well under 60 seconds.  
It can also be seen from all of the screen shots above that there is no use of the side exit with the 36” door (door 101) from the 1st floor or stairwell #1 (the northwest stair) from the 2nd floor.  This is because all occupants either and use the horizontal exit from the 2nd floor or the side exit with the 72” door (door 102) on the 1st floor.  Spreading use of these two exits could improve the overall egress time, and the six foot (72”) corridors could support use of all exits simultaneously.  However, in order for people queuing on the 2nd floor to use stairwell #1, they would have to work their way through the queue almost all the way to the horizontal exit, then choose to bypass it and instead use the stairwell.  In this regard, the Pathfinder result may be excessively conservative. 
Egress Time Summary 
A summary of the various egress time assessment methods discussed above is presented in Table 7 - Egress Summary.  A delay time is to be expected in a fire scenario.  A delay time of 36 seconds is selected; this is derived from Table 3-12.2 of Guylene Proulx’s SFPE handbook section 3 chapter 12, “Evacuation Time”.  In Table 3-12.2, the mid-rise office building is most representative of the MSB, both in terms of size and occupant characteristics.  Since the MSB is only two-stories, and occupants are trained in industrial safety and fire response, 36 seconds is considered to be bounding.   
Table 7 - Egress Summary 
Assessment Method Time Estimate 
Pauls’ Correlation + Delay Time 6 min, 8 sec 
Hydraulic Model+ Delay Time 5 min, 4 sec 
Pathfinder 2013+ Delay Time 6 min, 6 sec 
 
The significant difference (19%) between the hydraulic model and the Pathfinder results is telling.  As discussed in the Analysis of Assumptions section above, the hydraulic model assumed optimum usage of available exits, where the Pathfinder results suggest that this assumption was particularly suspect.  Therefore, the Pathfinder results should be relied upon as more representative of the actual minimum evacuation time of the MSB.   
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Prescriptive Egress Analysis Conclusions 
The occupancy classification selection of the vocational training spaces in the MSB determines whether the MSB is compliant with the prescriptive-based provisions of the 2012 edition of the LSC.  The critical parameter is the egress capacity of the 2nd floor, which is made up of two 44” stairways served by 36” doors and one horizontal exit through a 36” door.  As noted above, applying the “Less Concentrated Assembly Use” classification results in arguably unrealistic results; occupancies well above those that would allow for effective instruction within those spaces, and therefore well above what would be expected.  The application of the “Industrial Use” classification instead (also referred to as the “alternate” in this report) results in an occupant load for the MSB that is more consistent with actual usage, and compliance with all applicable prescriptive-based provisions of the 2012 edition of the LSC.  To thoroughly investigate this, both the Assembly and Industrial occupancies were applied throughout this report and compared and contrasted, and it is demonstrated that the MSB is compliant with the LSC if the Industrial Use occupancy is applied to vocational training spaces, but not if the Assembly Use occupancy is applied.   
LSC section 4.4.1 provides the option of satisfying life safety either through prescriptive-based provisions or through performance-based provisions.  Therefore, if the prescriptive-based provisions cannot be met (as is the case with the MSB if “Assembly Use” is applied to vocational training spaces), the building can be analyzed using the performance-based option of LSC Chapter 5.  The performance criterion to satisfy the LSC using performance-based methods is quite simple: “any occupant who is not intimate with ignition shall not be exposed to instantaneous or cumulative untenable conditions.”  Performance-based analysis is discussed in more detail in Performance-Based Analysis, below. 
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Detection System Analysis 
Overview 
This section will analyze the fire detection, alarm, and communication system design of the MSB.  In doing so it applies the 2013 versions of NFPA 72, the National Fire Alarm and Signaling Code, and of the California Building Code (CBC) as the applicable regulations.  Because the MSB was designed and built in the mid-1980s, it qualifies as an “existing” building where applicable.   
Detection System Overview 
Remote Supervising Station and Private Fire Department 
The industrial facility of which the MSB is a part is served by a 
remote supervising station which is continuously staffed by personnel trained to respond to indications of fire anywhere in the facility, and satisfies the provisions of NFPA 72, section 26.5 (Remote Supervising Station Alarm Systems).  Additionally, because the facility is remotely located from the nearest fire department, it is served by a private fire department whose only responsibility is to serve the facility.  The private fire department also has a memorandum of understanding with local fire departments for support in case of a major fire.  The private fire department is located less than one mile away from the MSB, and once notified could thus be expected to respond very quickly. 
Fire Alarm Control Panel 
The MSB is equipped with a fire alarm system.  The fire alarm control panel (FACP) is a Federal Signal model 300SSC supervised command unit of the type in Attachment 2 – Fire Alarm Control Panel Data Sheet.   
The Diagram of Connections for the FACP is shown in Figure 35.  The figure shows two inputs to the FACP: “Site Emerg” and “Fire Alarm”, via terminals TB202-1 & 2, and 7 & 8, respectively.  The notification devices in the MSB serve the dual purpose of notification of a fire (i.e., a fire alarm) and of providing notification of other “site emergencies”, the nature of which are beyond the scope of this report.   
Figure 32 - Fire Alarm Control Panel 
Figure 31 - Notification Device 
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The local fire alarm system is triggered by activation of the heat-activated sprinkler system.  The signal from associated flow switches is sent to the remote supervising station, which causes relay FAR11 to energize, closing the relay contact shown in Figure 35. 
Power is provided to Site Emergency and Fire Alarm Horns (Horns) via the FACP, terminals TB201-10 (neutral) and 11 (+).  At 24V DC, the FACP draws 0.13A of current in standby mode, and 1.24A when operating. 
A site emergency or fire alarm is indicated by applying a signal across TB201-4 (+) and -5 (-).  More detail on the horns is provided in Existing Notification/Communication Devices, below.  
 
 
 
 
Figure 33 - FACP Label Plate 
 
 
 
Figure 34 - Power Supply Label Plate 
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Figure 35 - FACP Block Diagram 
The power supply for the FACP (TB201-12 and -13) is provided from power supply panel “1RC”, fed through circuit breaker BRKR-07, as can be seen in Figure 35.  Backup power is available from a local back-up power supply (EACC8A).  The diagram of connections for the FACP and back-up power supply is shown in Figure 36.  The back-up power supply is a Federal Signal PS300 device.  Unfortunately, the PS300 has been discontinued and specifications are no longer available.  The spec sheet for the PS250, PS600, and PS1000 devices are in Attachment 4 – Back-Up Power Supply Data Sheet. 
 
Figure 36 - Diagram of Connections 
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Existing Notification/Communication Devices 
The MSB is served by Federal Signal Selectone ® model 50GC audible signaling devices (Attachment 3 – 50GC Alarm Horn Data Sheet).  These devices are capable of either voice or tone at 88 dBA at 10’.  At 24V DC, each device draws 0.025A of current in standby mode, and 0.07A when operating. 
The arrangement of signaling devices is shown in the figures below.  The spacing between 50GC devices varies significantly within the building, but the maximum distance between devices in the main corridor is approximately 120’; therefore, the maximum distance to a device is 60’.  Assuming an average ambient sound level in most of the MSB of 55 dBA (business or assembly occupancy), a minimum sound level of 70 dB is required.  Assuming that the sound level decreases by 6 dBA with every doubling of distance, the minimum sound level in the corridor would be in excess of 70 dBA (70 dBA is calculated for 80’), satisfying the requirement. 
Of note, many rooms in the MSB are not equipped with notification devices.  Most of the interior walls of the MSB are typical metal stud construction with a single layer of drywall on either side, yielding minimal soundproofing.  Furthermore, no location inside a room exceeds 60’ from a device.  Therefore, per the calculation above it is reasonable to assume that the office spaces within the MSB will realize a sound pressure level of at least 70 dBA in the event of an alarm. 
A notable exception to the above characterization of the interior walls is the mechanical shop; however, the mechanical shop is equipped with two separate 50GC notification devices.  A separate analysis of this space is warranted, however.  Under normal conditions it qualifies as a business or assembly occupancy.  However, occasionally mechanical equipment is operated for training in this space, and it can reasonably be assumed that such operation takes place for more than 1 minute at a time.  With machinery operating, the ambient sound level in the mechanical shop is expected to be approximately 85 dBA.   
NFPA 72, 2013 edition, section 18.4.3.1 states: “To ensure that audible public mode signals are clearly heard… they shall have a sound level at least 15 dB above the average ambient sound level or 5 dB above the maximum sound level having a duration of at least 60 seconds, whichever is greater, measured 5 ft (1.5 m) above the floor in the area required to be served by the system using the A-weighted scale (dBA).”  Thus, the minimum alarm sound pressure level should be 5 dBA higher than 85 dBA, or 90 dBA.    The maximum distance from a notification device in the mechanical shop is approximately 40’, yielding a minimum sound pressure level of approximately 72 dBA; in other words, the alarm could be nearly inaudible to some occupants if machinery is operating.  The notification devices in the mechanical shop room of the MSB do not satisfy the requirements of the code. 
The most efficient solution to this problem would be to install more powerful devices in the place of the two currently installed; a minimum sound pressure level of 102 dBA at 10’ is recommended.  An alternative solution would be to impose operational restrictions to limit operational time of machinery in the shop; however, such an operational restriction would not likely be followed at all times and is not recommended as a permanent solution. 
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 Figure 37 - 1st Floor West Device Layout 
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Figure 38 - 1st Floor East Device Layout 
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Figure 39 - 2nd Floor West Device Layout 
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Figure 40 - 2nd Floor East Device Layout
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Initiating Devices 
Heat-Activated Sprinklers 
The MSB is not equipped with any fire detection devices.  However, it is equipped with heat-activated sprinklers of the type shown in Attachment 1 – Sprinkler Data Sheet.  Actuation temperature of the sprinklers is 74 °C.  RTI was not available for the model of sprinkler that was installed at the time of new construction, and more recent tests either have not been conducted or results were not found.  Accordingly, for the purposes of this report, a “typical” RTI of 100 (m*s)1/2 is assumed. 
Actuation of one or more of the sprinklers in turn actuates the flow switch in the MSB riser, which causes a fire alarm to be actuated, as discussed above.  It also causes an alarm at the remote supervising station.  This arrangement qualifies as an “automatic sprinkler system waterflow device” under the CBC. 
Manual Initiation 
The MSB is not equipped with manual fire pull stations.  The exception to CBC, section 907.2.2 states: “Manual fire alarm boxes are not required where the building is equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1 and the occupant notification appliances will activate throughout the notification zones upon sprinkler waterflow.”  Section 907.2 states: “… Where other sections of this code allow elimination of fire alarm boxes due to sprinklers, a single fire alarm box shall be installed.”  However, section 907.2 applies to “new buildings and structures”; since the MSB is an existing building, this section does not apply, and the MSB is compliant. 
Detection Electrical System 
As discussed in the Detection System Overview section, above, the Fire Alarm and Communication system of the MSB is powered with 24VDC power supplies.  Power is distributed throughout the MSB with #12 AWG wires (Figure 36 - Diagram of Connections) over approximately 515’.  The Site Emergency / Fire Alarm circuit (circuit SE) is the only circuit powered by the FACP, and it consists of 20 50GC devices, as well as the FACP itself.  Note that the only initiating device in the MSB (the sprinkler system flow switches) are powered separately. 
The voltage drop calculation is summarized as follows: 
Table 8 - Voltage Drop 
Circuit 50GC  @0.07A 
Wire Size (AWG) 
Resistance (ohms / 1000 ft) 
Length  (ft) 
Total Current (A) 
Voltage Drop % of Voltage Drop 
SE 20 12 1.98 515 1.40 2.86 11.8%  
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As noted above, the back-up power supply for the system (Federal Signal PS300) has been discontinued, and spec sheet information is not available.  For the purposes of this report, a battery calculation is performed against the specifications of a similar PS250 device, rated for seven (7) amp-hours at 2.5A. 
The battery calculation is summarized as follows: 
Table 9 - Battery Capacity 
Equipment Quantity Supervisory Current (in Amps) Alarm Current (in Amps) Unit Total Unit Total 
FACP-300SSC 1 0.13 0.13 1.24 1.24 
50GC 20 0.025 0.5 0.07 1.4 
Sub-Total  0.63  2.64 
Time Factor 24hr standby  X 24   
 5min alarm    X 0.083 
Sub-Totals   15.12  0.2191 
 Standby A-hrs 15.12    
 Alarm A-hrs 0.22    
System A-hrs 15.34    
+20% derating 3.07    
Total A-hrs  18.41    
Battery Capacity 7.00    
 
From this calculation, it is clear that the battery in the back-up unit would need to be significantly larger than that in the PS250 to supply sufficient back-up power to supply this system for 24 hours plus 5 minutes of alarm.  In fact, as the cut sheet in Attachment 4 – Back-Up Power Supply Data Sheet shows, the batteries in the larger PS600 and PS1000 units contain only 12 amp-hours of back-up power and would likely also be unable to supply back-up power for this long, although these batteries are rated for higher current output (6A and 10A, respectively), and might therefore be expected to provide more amp-hours for a lower current draw. 
Based on the above, the approximate quiescent duration (less 5 minutes for alarm operation) of the PS250 power supply can be determined as follows: 
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7 ܣ ∙ ℎݎݏ − 0.2191 ܣ ∙ ℎݎݏ
0.63 ܣ = 10.8 ℎݎݏ 
Or 10.8 hours under quiescent load plus 5 minutes in alarm.  As noted above, this calculation does not account for the expected increase in amp-hour capacity resulting from discharging the battery at a lower current than its rating.  Despite this, this rough calculation yields a conservative “standby” time for the PS300 (using PS250 as a surrogate) back-up power supply.  It can be reasonably concluded that the back-up power supply is not compliant with the requirements of NFPA 72, section 10.6.7.2.1.  This noncompliance could be remedied by upgrading the installed back-up power supply, or by reducing the current required to power the devices in the system. 
Detection System Inspection, Testing, and Maintenance 
As required by NFPA 72, section 14.2.2, the fire protection systems of the MSB has an inspection, testing, and maintenance (ITM) program.  ITM is provided for the MSB fire protection systems by an outside vendor.  This testing includes tests of the waterflow and tamper switches on the sprinkler system, which provide input to the remote supervising station.  The testing also includes NFPA 25-required tests of the sprinkler system.  An example of annual testing records are shown in Attachment 6 – Annual Test Record (Partial).  This testing includes: 
1. Control equipment and transponder functions are tested annually or more frequently. 
2. Fire alarm control unit trouble signals are tested annually or more frequently. 
3. The back-up power supply (batteries) are tested annually or more frequently.  
4. Remote annunciators and audible alarms are tested annually or more frequently. 
5. Circuit integrity is tested annually or more frequently. 
Initiating devices are tested quarterly, as shown in . 
Testing of the equipment in the remote supervising station meets or exceeds the requirements of NFPA 72 table 14.4.3.2 (Testing).  This testing is performed by the owner/operator of the facility.   
1. Monthly remote supervising station alarm system receiving equipment testing. 
2. Annual remote supervising station alarm system transmissions testing. 
3. Continuous monitoring of public emergency alarm reporting system. 
Detection System Analysis Conclusions 
Although the MSB is not equipped with dedicated fire detection devices, it is compliant with NFPA 72, 2013 edition, with two exceptions: 
1. The alarms in the mechanical shop as discussed in Existing Notification/Communication Devices, which does not comply with section 18.4.3.1, which states: “To ensure that audible public mode signals are clearly heard… they shall have a sound level at least 15 dB above the average ambient sound level or 5 dB above the maximum sound level having a duration of at least 60 seconds, whichever is greater, measured 5 ft (1.5 m) above the floor in the area required to be served by the system using the A-weighted scale (dBA).”  Specifically, the sound pressure level in the room at the point furthest from a notification device is estimated to be 
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72 dBA.  This would be adequate for normal conditions (55 dBA for business or assembly occupancies + 15 dBA per section 18.4.3.1.  However, it is less than 90 dBA, as would be required for the maximum sound level of 85 dBA (plus 5 dBA margin).  2. The capacity of the backup battery, which does not comply with section 10.6.7.2.1, which states: “The secondary power supply shall have sufficient capacity to operate the system under quiescent load (system operating in a nonalarm condition) for a minimum of 24 hours and, at the end of that period, shall be capable of operating all alarm notification appliances used for evacuation or to direct aid to the location of an emergency for 5 minutes”.  Specifically, the backup battery only has sufficient capacity to operate the system under quiescent load for 10.8 hours plus 5 minutes in alarm.  
The resolution to these two exceptions (discussed in the appropriate sections above) would render the MSB compliant with the current (2013) edition of NFPA 72.  
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Fire Suppression System Analysis 
Fire Suppression System Analysis Overview 
This section analyzes the fire suppression system design of the MSB.  In doing so it applies the 2013 version of NFPA 13, the Standard for the Installation of Sprinkler Systems, as the applicable regulation.  Because the MSB was designed and built in the mid-1980s, it qualifies as an “existing” building where applicable.  In addition to NFPA 13, other codes and standards including the 2013 edition of NFPA 24 and the 2014 edition of NFPA 25 are also used in the development of this report.  It is worth noting that the MSB is located in California, and is therefore subject to the local requirements, which as of the writing of this report were based on older code versions.  However, for educational purposes, the latest versions of applicable codes and standards are used.  
As noted above, the MSB sprinkler system underwent modifications in 1988 to add coverage to the mezzanine area adjacent to the mechanical shop at the 74 foot elevation.  This investigation includes the as-built system, which includes this addition.   
 
 
Figure 41 - MSB Classroom Showing Sprinklers 
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Figure 42 - MSB Sprinkler with Protective Cage 
Water Supply Analysis 
The fire suppression system of the MSB is supplied by a private distribution system.  This private system (the “South Site System”) consists of two fire pumps, two jockey pumps, a single fire water tank, and the distribution loop itself.  The system is not connected to a municipal or other public water system.  The South Site System supplies fire water to several buildings on a large industrial facility.  This analysis will focus on the MSB, whose ground floor is at the same elevation as the base of the fire water tank and of the fire pumps.  Because other buildings are at a higher elevation and have different water supply requirements than the MSB, the South Site System is somewhat “oversized” for the MSB alone.  
In addition to supplying the fire water for buildings directly connected to it, the South Site System is also designed as a backup supply for an adjacent private fire distribution system that is connected by check valves that allow flow from the South Site to the adjacent system, but not vice versa. 
The fire water tank has a capacity of 470,000 gallons, and was designed and installed in accordance with the 1984 edition of NFPA 22, “Water Tanks for Private Fire Protection”, as well as other applicable standards, including the 1984 edition of the American Water Works Association (AWWA) Standard D100, “Potable Water Storage Tanks”. 
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The two fire pumps are sized to ensure that either pump alone is capable of supplying the required water flow in the case of failure of one.  In addition, the pumps are equipped with timed devices for sequential starting.  This report will assume that only one pump is available.    Each pump is designed to provide 2,000 gpm at 324 feet total head (140 psi).  The pump can provide 150% of rated capacity (3,000 gpm) at 65% of rated head (210 feet or 91 psi), and has a shutoff head of 388 feet (168 psi).  The pumps are also equipped with recirculation lines to prevent overheating and over-pressurization during dead-head conditions.  The fire pumps are designed and installed in accordance with the 1983 edition of NFPA 20, “Standard for Installation of Centrifugal Fire Pumps”. 
The two jockey pumps are designed to make up for minor system usage and leakage to prevent unnecessary cycling of the main fire pumps.   The jockey pumps are designed to deliver 40 gpm at 324 feet total head (140 psi).  Although an important part of the overall system, the jockey pumps would not be sufficient to supply a sprinkler system designed to even the least demanding design criteria.  Therefore, for the purpose of this report, the jockey pumps are assumed to contribute nothing to the total water supply, aside from ensuring that static pressure is 140 psi. 
The firewater loop (distribution system) is made up of 12” piping, and the pumps are located approximately 1200’ from the MSB. 
An overview of the firewater supply system that serves the MSB is shown in Figure 43, below. 
 
Figure 43 - South Site Firewater Supply System Diagram 
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Design Criteria Determination 
To determine the design criteria that the fire suppression systems in the MSB must satisfy, the occupancy classifications for various spaces within this mixed-use facility must be identified.  Then, based on these classifications, design criteria may be determined. 
Occupancy Classification 
For the purposes of identifying the design criteria applicable to the MSB per NFPA 13, 2013 edition, the MSB can be divided by rooms into several categories, discussed below.  For ease of reference, Table 10 summarizes the occupancy classifications of the various spaces. 
1. Shops, Laboratories, and Vocational Rooms on the 2nd floor, including the Electrical Shop and 
teaching laboratories - with the exception of the Chemistry Laboratory - can be considered 
Ordinary Hazard (Group 1) because they are comprised of a moderate quantity of combustibles 
of low combustibility; there are few or no stockpiles of combustibles and none exceed 8 feet, 
and fires of moderate rates of heat release are expected.  The electrical shop is analogous with 
“electronic plants”. 
 
Figure 44 – MSB Vocational Training Shop 
2. The mechanical shop on the 1st floor and chemistry lab on the 2nd floor can be considered 
Ordinary Hazard (Group 2) because the quantity and combustibility of contents are moderate to 
high; stockpiles of combustibles do not exceed 8 feet.  The chemistry lab is analogous to a 
“chemical plant – ordinary” and the mechanical shop is analogous to several examples in this 
category, including “machine shop”, “metal working”, and “repair garage”. 
T. P. Stanton FPE 596 Report  
71 MSB Suppression System Analysis 
 
Figure 45 – MSB Mechanical Shop 
3. The library area on the 1st floor should be considered a “large stack room area” because large 
quantities of closely-spaced, fully loaded shelves are contained in this area.  Therefore, it is 
considered Ordinary Hazard (Group 2), because the quantity and combustibility of contents are 
moderate to high; stockpiles of combustibles do not exceed 8 feet.  It is considered to be a 
“library – large stack room area”.  This is also consistent with the Note in NFPA 13 section A.5.2, 
which states that “… large stack areas, which are more akin to shelf storage or record storage, as 
defined in NFPA 232, should be considered to be ordinary hazard occupancies.” (emphasis 
added).  NFPA 232 contains many definitions of records, but the one most applicable to the MSB 
is “Archival Material / Record”: “A record that was created or received and accumulated by a 
person or organization in the course of the conduct of affairs and that has been preserved 
because of its historical or continuing value.” 
 
Figure 46 - MSB Library Stacks 
4. The office spaces on both floors and assembly areas (conference rooms) on the 2nd floor can be 
considered Light Hazard because they are comprised of a low quantity of combustibles of low 
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combustibility and fires of relatively low rates of heat release are expected.  They are considered 
to be “offices – including data processing”.   
 
Figure 47 - Typical MSB Office Space 
5. The service spaces on both floors, which include communications rooms, mechanical rooms, and 
bathroom and locker room facilities, can also be considered Light Hazard because they are 
comprised of a low quantity of combustibles of low combustibility and fires of relatively low 
rates of heat release are expected.  Analogies are limited, but the highest fire risk (as either an 
ignition source or as a source of combustible materials) would likely be in the electronic 
equipment in the communications rooms, which could be considered analogous to “offices – 
including data processing”. 
 
Room(s) Occupancy Classification 
1st Floor – Mechanical Shop Ordinary (Group 2) 
1st Floor – Library Ordinary (Group 2) 
1st and 2nd Floors – Office Spaces Light 
1st and 2nd Floors – Service Spaces Light 
2nd Floor – Chemistry Lab Ordinary (Group 2) 
2nd Floor – Shops, Labs, and Vocational Rooms Ordinary (Group 1) 
2nd Floor – Assembly Area Light 
Table 10 - MSB Room Classifications 
Suppression System Design Criteria 
Pipe Schedule Method 
This section discusses the design criteria derived in accordance with NFPA 13, section 11.2.2, “Water Demand Requirements – Pipe Schedule Methods”.   
T. P. Stanton FPE 596 Report  
73 MSB Suppression System Analysis 
Although the Pipe Schedule method is discouraged for new designs, the MSB was designed and built in the 1980s, in the early days of computer-based hydraulic calculation software.  In accordance with section 11.2.2.3, the pipe schedule method is permitted to be employed for additions or modifications to existing pipe schedule systems sized according to the pipe schedules of Section 23.5, “Pipe Schedules”. 
Indeed, the design of the MSB sprinkler system is consistent with the pipe schedule method.  For example, in many branch lines, the last two sprinklers are supplied by a 1” pipe, the third by a 1-1/4” pipe, and so forth.  The feed main is 6”, sized for 275 sprinklers (ordinary hazard).  Finally, the cross mains are 4”, sized for 100 sprinklers; each supplies up to 70 sprinklers; 3-1/2” pipe (sized for 65 sprinklers) would be insufficient per the Pipe Schedule Method. 
This conclusion is supported by the apparent "overdesign" of the system from a hydraulic perspective.  This assertion will be demonstrated below, and is based primarily on very low friction losses in most pipe lengths (with the notable exception of 1" piping at the end of branch lines). 
For reference, NFPA 13, Table 23.5.3.4, “Ordinary Hazard Pipe Schedule” is shown as Figure 48, below. 
 
Figure 48 - NFPA 13, Table 23.5.3.4, Pipe Schedule Method 
Hydraulic Calculation Method 
This section discusses the design criteria derived in accordance with NFPA 13, section 11.2.3, “Water Demand Requirements – Hydraulic Calculation Methods”.   
As discussed above, all rooms in the MSB are equipped with standard spray sprinklers, and the system throughout the building is wet pipe.  No area adjustments (e.g., for Quick Response or Extended Coverage sprinklers, dry or preaction systems, sloped ceilings, or high-temperature sprinklers) apply. 
The fire detection and suppression systems in the MSB are electrically supervised, and indicate in the facility’s main control room, which is constantly occupied with trained personnel, and is considered an approved, constantly attended location.  Accordingly, the water supply durations 
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listed in NFPA 12, Table 11.2.3.1.2 (Hose Stream Allowance and Water Supply Duration Requirements for Hydraulically Calculated Systems) apply per section 11.2.3.1.3. 
Of note, a design area of 2000 square feet (rather than 1500) is selected, based on the original design documents of the MSB.  This design decision results in an increase in the minimum theoretical total discharge of between 5-10%, depending on the hazard.  However, because the firewater supply is 470,000 gallons, and the total discharge for the highest hazard area is only 66,600 (~15% of the water available), this increase is not significant. 
Note that the Chemistry Lab includes a design area of 1802 square feet; this is because the Chemistry Lab only consists of 1802 square feet, and claiming a 2000 square foot area would therefore result in a low density, and violate the requirements of NFPA 13.  All other areas of interest in the MSB contain at least 2000 square feet of area. 
Also of note, industry-specific insurance requirements (Insurers’ “Property Loss Prevention Standard”, October, 1986 edition) call for a minimum of 750 gpm available for outside hose streams.  Because in every case this exceeds the HAS of NFPA 13, it is used in lieu of the HSA requirements of Table 11.2.3.1.2.  Durations are retained, however. 
The design criteria associated with each of the different spaces in the MSB are summarized in Table 11, below.
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Table 11 - Hydraulic Calculation Method Design Criteria Summary 
Room(s) Occupancy 
Classification 
Sprinkler 
Density (gpm / 
sq ft) 
Area of Sprinkler 
Operation (sq ft) 
Total Combined 
Inside & Outside 
Hose (gpm) 
Duration 
(minutes) 
Minimum 
Theoretical 
Total 
Discharge 
(gallons) 
1st Floor – Mechanical 
Shop 
Ordinary (Group 2) 0.18 2000 750 60 66,600 
1st Floor – Library Ordinary (Group 2) 0.18 2000 750 60 66,600 
1st and 2nd Floors – 
Office Spaces 
Light 0.08 2000 750 30 27,300 
1st and 2nd Floors – 
Service Spaces 
Light 0.08 2000 750 30 27,300 
2nd Floor – Chemistry 
Lab 
Ordinary (Group 2) 0.19 1802 750 60 65,542 
2nd Floor – Shops, 
Labs, and Vocational 
Rooms 
Ordinary (Group 1) 0.12 2000 750 60 59,400 
2nd Floor – Assembly 
Area 
Light 0.08 2000 750 30 27,300 
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Hydraulic Calculations 
Hydraulically Most Demanding Area 
The hydraulically most demanding area was determined by inspection.  The determination was somewhat simplified by the fact that different areas in the MSB require different levels of protection in terms of density (in gpm/ft2) and area of sprinkler operation (ft2), as summarized in Table 11.  By inspection, the 2nd floor is likely to contain the hydraulically most demanding area.  As noted in Table 11, the Chemistry Lab and the Shops, Labs, and Vocational areas are the only areas that contain Ordinary Hazard – all other areas on the 2nd floor contain Light Hazard.  The Chemistry Lab is selected as the hydraulically most demanding area on the 2nd floor because it is Group 2 where the Shops, Labs, and Vocational areas are Group 1; and because it is farther from the riser.  
To qualitatively verify the assumption that the 2nd floor contains the hydraulically most demanding area, the 1st floor was also considered.  The hydraulically most demanding area on the 1st floor is the Maintenance Shop area.  This is because it is one of only two Ordinary Hazard areas on the 1st floor, and because it is farther from the riser than the other Ordinary Hazard area on the 1st floor, the Library. 
The Maintenance Shop area is approximately equal in distance to the riser as compared to the Chemistry Lab, and both are Ordinary Hazard (Group 2).  However, water to serve the Chemistry Lab sprinklers also must contend with an extra 15’ of elevation change.  Therefore, the Chemistry Lab on the 2nd floor is verified as the hydraulically most demanding area. 
Area Configuration 
See Figure 49 for the layout of the Chemistry Lab sprinkler system.   
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Figure 49 - Chemistry Lab Sprinkler Sketch 
 
 The Chemistry Lab consists of the Lab itself (1479 ft2), a storage closet (109 ft2), the Balance Room (90 ft2), and the Lab Office (124ft2), and totals 1802 ft2.   It contains 24 total sprinklers with a k-factor of 5.6, of a type similar to that shown in Attachment 1 – Sprinkler Data Sheet.  Although this results in an average coverage area of 75 ft2, an area of 109 ft2 is assumed for the area of the first sprinkler in Branch Line 1 (BL1) (sprinkler #1) , which is the only sprinkler in the storage closet, which contains a 109 ft2 area.  Similarly, an area of 100 ft2 is assumed for the first sprinkler in BL2 (sprinkler #9), because it is 5’ from the north wall and 10 feet from the next lateral (to the east) sprinkler in BL3. 
There are 5 branch lines in the area, as shown in Figure 49.  BL1 is unique, including 4 sprinklers.  BL2 through BL5 are essentially identical, and include 5 sprinklers each.  Therefore, the BL2 equivalent K-factor can be applied to BL3 through BL5.   
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Calculation Method and Results 
The calculation was performed by first determining the equivalent K-factor of BL1 (Figure 51); then the equivalent K-factor of BL2 (Figure 52), which can be applied to BL3 through BL5 as well.  Then, the overall calculation was performed by applying the equivalent K-factors (Figure 50).  As seen in Figure 50, the hydraulically most demanding area in the MSB demands 559.2 gpm at a pressure of 47.5 psi.  With the hose stream allowance of 750 gpm, the total demand from the hydraulically most demanding area is 1309.2 gpm at 47.5 psi.  
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Figure 50 – Master Hydraulic Calculation 
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Figure 51 - BL1 Hydraulic Calculation 
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Figure 52 - BL2 through BL5 Hydraulic Calculation
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Suppression System Inspection, Testing, and Maintenance 
The MSB is inspected and tested by an authorized fire protection services firm in lieu of the building owner as allowed by NFPA 13, section 27.1.  Inspections are performed in accordance with the requirements of NFPA 25, “Standard for the Inspection, Testing, and Maintenance of Water-Based Fire Protection Systems”. 
Attachment 7 – Quarterly Test Records contains the Inspection, Testing, and Maintenance reports for the MSB for each quarter for the year end first quarter 2013. 
Of note, the three inspections performed in the second, third, and fourth quarters of 2012 passed the system with no discrepancies.  In the first quarter of 2013, however, the inspector identified 13 deficiencies, and failed the system overall.  Many of the deficiencies noted in 2013 were of a character that suggests that they were present in 2012, as well.  For example, the inspector noted that on the 1st floor, “At both stairwells, raise and relocate sidewall to under stairs for coverage”, and “1 head needs to be added under duct work in room 161”.   
This result is very interesting in that it illustrates that the individual that performs the inspection is of critical importance in ensuring system adequacy through the inspection process.  The inspector’s names are redacted from the Attachment; however, it is noted that the three reports in 2012 (that identified no deficiencies) were developed by two different inspectors, where the report in the first quarter of 2013 was written by a third inspector.  Note that this inspector actually completed a separate report form for the 1st and 2nd floors. 
The inspection findings that were accessible for inspection have been corrected.  For example, one finding was “[one sprinkler head] needs to be added under duct work in room 161 [Mechanical Shop]”.  The new sprinkler can be seen in the Mechanical Shop in Figure 53 and Figure 54. 
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Figure 53 - Mechanical Shop Ductwork 
 
 
Figure 54 – New Mechanical Shop Sprinkler 
Suppression System Analysis Conclusions 
As discussed above, hydraulic calculations reveal that the MSB demands up to 1309 gpm at 47.5 psi including the hose stream allowance (HSA) of 750 gpm as required by the insurance company.  At 1309 gpm, the fire water supply system is capable of providing over 155 psi of pressure.  This can be seen in Figure 55.   
If the fire pump had been selected solely to support the MSB, clearly it would have been excessive for the application.  However, as discussed above the pump supports the fire suppression systems for several buildings.  The fire suppression systems of the other supported buildings are not analyzed in this report, but it is possible that at least one of those systems has more demand than the MSB.  Also as noted above, the South Site System (the distribution system that serves the MSB) is designed to supply backup fire water to an adjacent private distribution system that could also have a higher demand than the MSB. 
T. P. Stanton FPE 596 Report  
84 MSB Suppression System Analysis 
As can be seen in the hydraulic calculations, with the exception of the 1" lines in BL1, very small friction losses are observed, due primarily to the large pipe sizes.  Given the water supply available, smaller pipe sizes would have reduced cost of procurement and installation while still yielding acceptable hydraulic results.  This observation supports the supposition that the MSB was originally designed per the Pipe Schedule Method, as discussed in the Pipe Schedule Method section, above. 
Based on the above, the design of the fire suppression system in the MSB can be clearly concluded to be adequate.  
 
 
Figure 55 - MSB Flow Test Summary 
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Performance-Based Analysis 
As discussed in Egress Analysis, if the Assembly Use occupancy classification is applied to vocational rooms, the prescriptive egress requirements of the LSC are not met.  This can be addressed by instead applying the General Industrial Use occupancy classification, which more reflects more realistic usage of the space.  However, this alternative would require approval by the Authority Having Jurisdiction (AHJ).   
Instead of seeking this approval, the performance-based option of Chapter 5 of the LSC may be applied.  This chapter allows for the satisfaction of the LSC by structures through the satisfaction of a specified performance criterion.  Performance criteria are defined (section 3.3.204) as “threshold values on measurement scales that are based on quantified performance objectives.”  The LSC sets one performance criterion: “any occupant who is not intimate with ignition shall not be exposed to instantaneous or cumulative untenable conditions.”  The satisfaction of this criterion is discussed in further detail in the Tenability Analysis section below. 
Applicable Performance-Based Requirements 
The performance-based option still retains some prescriptive requirements (section 5.3), all of which are satisfied by the MSB.  Of note, section 7.3 (Capacity of Means of Egress) is among the prescriptive requirements; however, an exception is provided to section 7.3.3 (Egress Capacity); therefore, if the egress capacity can be shown via performance-based methods to be adequate to satisfy the performance criterion, then the goals and objectives of the LSC are judged to be met. 
Tenability Analysis 
Applicable Tenability Performance Criteria 
Section 4.2.1 (Occupant Protection) of the LSC states, “A structure shall be designed, constructed, and maintained to protect occupants who are not intimate with the initial fire development for the time needed to evacuate, relocate, or defend in place.”  Further, the Performance Criterion of section 5.2.2 states, “Any occupant who is not intimate with ignition shall not be exposed to instantaneous or cumulative untenable conditions.” 
Section A.5.2.2 of the LSC outlines four acceptable methods that can be used to demonstrate that occupants will not be exposed to untenable conditions.  Methods 3 and 4 require the least labor in terms of the tenability analysis, but will not be able to be satisfied for the MSB.  It cannot be shown that no fire effects will reach any occupied space (per method 4) because required design fires (discussed in greater detail below) must be postulated in occupied spaces.  For example, the MSB atrium communicates directly with all of the corridors on the second floor.  Similarly, it is not likely that it could be demonstrated that the smoke and toxic gas layer would not descend to a level lower than 6 feet above the floor at any time in any occupied room (per method 3) for the same reasons. 
Given the size of the building and of each of the spaces in question, method 2 - which requires that the design team demonstrate that each area can be evacuated before the smoke and toxic gas layer in that room descend to a level lower than 6 feet above the floor - could potentially be met.  This is 
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because most rooms in the MSB can be relatively quickly evacuated, given the occupancy classification of “Industrial Use”, as discussed above.  However, it is instructive to consider the “Assembly Use” case analyzed using Pathfinder, as discussed in the Egress Model section above.  
To apply method 2, specific tenability criteria must be developed; what are the conditions (at 6 feet) that cannot be met before the space is evacuated.  These criteria are selected as visibility, temperature, and carbon monoxide. 
Visibility 
The visibility limit at 6 feet is selected using the guidance contained in David A. Purser’s section 2, chapter 6 of the SFPE handbook, 4th edition, “Assessment of Hazard to Occupants from Smoke, Toxic Gases, and Heat.”  Table 2.6-11 of this chapter outlines tenability limits and suggests 10 meters for buildings with large enclosures and travel distances.  This is appropriate for the MSB given the size of the library and of the mechanical shop. 
Temperature 
The temperature limit at 6 feet is also selected from Purser’s SFPE handbook chapter, and from table B.2.1.1 of NFPA 130, the Standard for Fixed Guideway Transit and Passenger Rail Systems.  60 °C is selected as the limit at 6 feet, since at that temperature contact with metal such as door 
handles may cause burns, and therefore hinder egress.  NFPA 130 table B.2.1.1 lists 60 as °C the 
exposure temperature associated with a maximum exposure time of 10.1 minutes; this allows for egress in the time frame suggested by the various egress time models suggested in Egress Emergency Movement, above, with suitable margin. 
Carbon Monoxide 
The carbon monoxide (CO) limit at 6 feet is also selected from Purser’s SFPE handbook chapter.  Table 2-6.B1 outlines tenability limits for incapacitation from CO exposure, and lists 1400 ppm as the minimum level for a 30 minute exposure.  Therefore, 1400 ppm is selected as the tenability limit.   
Design Fire Selection 
NFPA 101 section 5.5 requires consideration of the following scenarios: 
1. Occupancy-specific fire representative of a typical fire for the occupancy.  This scenario will be represented by a fire developing in the diesel generator in the mechanical shop room (scenario A). 2. Ultrafast-developing fire, in the primary means of egress, with interior doors open at the start of the fire; addresses the concern regarding a reduction in the number of available means of egress.  This scenario will be represented by an ultrafast-developing fire in the main entrance foyer (scenario B). 3. A fire that starts in a normally-unoccupied room, potentially endangering a large number of occupants in a large room or other area.  This scenario will be represented by a slow-developing fire in the normally-unoccupied storeroom adjacent to the mechanical shop building.  The fire will be shielded from detection systems to the maximum extent (scenario C). 
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4. A fire that originates in a concealed wall or ceiling space adjacent to a large occupied room.  Due to the lack of concealed wall and ceiling spaces in the MSB, a specific scenario will not be required to satisfy this requirement. 5. A slowly developing fire, shielded from fire protection systems, in close proximity to a high occupancy area.  This scenario will be represented by scenario C, above. 6. The most severe fire resulting from the largest possible fuel load characteristic of the normal operation of the building.  This scenario will be represented by scenario A, above. 7. An outside exposure fire.  The MSB is 19’ – 4” away from an adjacent training building of similar size.  The two structures are connected by a covered walkway that is constructed of non-combustible materials, and contains no significant combustible materials.  Due to the lack of combustibles and the distance, an exposure fire from the adjacent training building is not a significant risk, and a specific scenario is judged to be not required to address the potential of such a fire. 8. A fire originating in ordinary combustibles in a room or area with each passive or active fire protection system independently rendered inoperable; not required to be applied to fire protection systems for which both the level of reliability and the design performance in the absence of the system are acceptable to the authority having jurisdiction.  This potential will be addressed by considering scenario C with a failure of fire protection systems. 
Based on the above, the following scenarios are considered: 
Scenario A: Diesel Fire 
A fire developing in the diesel generator in the mechanical shop room is considered.  However, the diesel generator present in this space is normally used for vocational training, such as assembly, disassembly, and inspection, and is not normally operated or even fueled.  In fact, without modification it is not capable of being fueled.  Other occupancy-specific scenarios such as electrical fires in electric shops and chemical fires in the chemistry lab were considered.  However, these fires are not considered limiting because they start and develop in relatively small enclosed spaces, and they are unlikely to penetrate the enclosure walls before the building can be evacuated; thus, they are not likely to threaten any occupants not intimate with the ignition.  Based on these considerations, scenario A is not considered further. 
Scenario B: Atrium Fire 
This scenario will be represented by a fire in the main entrance foyer.  Although the atrium is small and does not contain large combustibles such as furniture, it is open with all of the corridors on the second floor.  Therefore, even a relatively minor fire could affect the tenability of the egress route for the entire floor, and thus threaten many occupants not intimate with the ignition.  Therefore, this scenario is selected for performance-based analysis. 
Scenario C: Storage Room Fire 
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This scenario will be represented by a fire in the normally-unoccupied storeroom adjacent to the mechanical shop building (see Figure 56).  This normally unoccupied storeroom contains multiple shelves containing cardboard boxes of paper and similar combustibles.  Also, it is a two-story space, in which significant quantities of combustibles are shielded from sprinklers.  Finally, it features a pass-through door on the second level that leads into the main first floor corridor of the MSB.  A fire that occurs while this door is open could threaten the tenability of the corridor and therefore threaten occupants not intimate with ignition.  Therefore, this scenario is selected for performance-based analysis.  
Assessment Methodology 
To apply method 2, the smoke and toxic gas layer elevation over time for each space is determined using fire modeling for each of the design fire scenarios.  These results are then compared to the time to evacuation for each space.  Where the evacuation of a space is complete before the smoke and toxic gas layer reaches 6 feet in that space, the performance criteria is met.  If the performance criteria is met in all spaces, the building has satisfied the tenability criteria. 
Fire modeling can be used to predict the concentration of various constituents at an appropriate elevation (i.e, 6 feet, or 1.8 meters, from the floor).  A fire model is developed using the Fire Dynamics Simulator (FDS) tool, placing each design fire in an appropriate space in the MSB.  This model yields toxic gas concentrations, temperatures, and smoke concentrations at eye level as a function of time. 
This information combined with available egress patterns and times from Pathfinder to determine when occupants will be present in a space afflicted by low visibility, high temperature, or high CO concentration.  The acceptance criteria may then be applied: all occupants must be evacuated from a given space before the tenability criteria are reached. 
Performance-Based Analysis 
Atrium Fire 
This fire is approximately in the center of the 18’ wide entry foyer.  The ceiling of the foyer is approximately 30’ from the floor.  The space is relatively small, and features two exterior and three interior doors.  Therefore, the fuel for this fire is assumed to be class A transient combustibles (i.e., 
Figure 56 - Storage Room 
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a trash can fire), as no significant fuel source is normally present, or could reasonably be present, in the entry foyer.  See Figure 57.  
Although sprinklers are present in the atrium, a fire placed in the center of the atrium would not be subject to significant sprinkler coverage.  Therefore, for the initial analysis, the effect of sprinklers is neglected. 
Egress Time 
Because the fire is in the atrium for this scenario, occupants will not be able to use the atrium exits or the eastern stairway for egress.  These conditions are modeled in Pathfinder by locking the atrium exit doors and the stairway entrance door.  Figure 58 - Atrium Fire Egress at 30 seconds shows the immediate impact on egress pathing; occupants of the second floor are particularly impacted, and the queuing on the west end of the corridor can already be seen here.  Recall that this corridor is open to the atrium.  Also, recall that this model assumes an Assembly Use occupant load in the vocational rooms, resulting in over 500 people on the second floor. Figure 57 - Trash Can Fire HRR 
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Figure 59 - Atrium Fire Egress at 7 minutes shows that the queuing on the second floor continues at this point, and the model predicts that it will continue until the last occupant escapes 583 seconds after escape commences.  Of note, throughout the scenario no second floor occupants escape by using the western stairway followed by exit through one of the first floor northern exit doors; instead they all wait to exit through the 36” horizontal exit door on the second floor.  This is not a reasonable result, since occupants will likely be aware that the fire is in the atrium, and at least some would choose to enter the stairway rather than wait for the horizontal exit in an environment that is filling with smoke and hot gasses.  This path would be reasonable since the corridor itself is six feet wide; twice as wide as the horizontal exit door.  Nevertheless, the result of 583 seconds (after egress commences) is retained as acceptance criteria as a bounding value.  Applying a 36 second delay time (see Egress Time Summary, above) yields a required safe egress time (RSET) of 619 seconds for this scenario. 
 
Figure 58 - Atrium Fire Egress at 30 seconds 
 
Figure 59 - Atrium Fire Egress at 7 minutes 
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 Fire Model Results 
As previously discussed, the atrium is open to the second floor corridor; therefore, the entire area is modeled in FDS to determine the impact on tenability.  The scenario was run for 1000 seconds to allow smoke to build up. 
At 619 seconds, the entire second floor corridor remains tenable against all three criteria (Figure 60).  Visibility throughout the floor is about 10 meters, which meets the acceptance criteria. Temperature peaks at about 3.5 minutes at about 30 °C; temperature in the western part of the 
corridor (where the queue is located) is about 15 °C.  After this point (the HRR curve peak; see 
Figure 57 - Trash Can Fire HRR), temperature begins to fall. 
Figure 60 - Atrium Scenario FDS Results 
Visibility 583 seconds Yellow ~ 10 m    Visibility 16.5 minutes Halls ~ 7 m     Temperature 3.5 minutes Peak ~ 90 °C Blue = 15-30 °C  
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Conclusion 
In conclusion, the available safe egress time (ASET) is greater than 1000 seconds, and the required safe egress time (RSET) is 619 seconds.  Therefore, the acceptance criterion is met for the atrium fire scenario.   
Storage Room Fire 
This fire is approximately in the center of the 8.5’ wide, 35’ long storage room.  The ceiling of the storage room is approximately 15’ from the floor.  The fuel for this fire is assumed to be class A combustibles stored in the room on metal shelves.  See Figure 61 - Storage Fire HRR. 
The furthest N-S distance between sprinklers (used as a surrogate for detectors) is 7’-10”.  The furthest E-W distance between sprinklers is 7’-0”.  Solving the triangle yields a maximum radial distance from the fire to a sprinkler of 5’-3”, or 1.60 meters.  The actuation temperature is taken to be that of the sprinklers: 74 °C.  RTI was not available for the model of sprinkler that was installed at the time of new construction, and more recent tests either have not been conducted or results were not found.  Accordingly, for the purposes of this analysis, a 
“best estimate” RTI of 100 (m*s)1/2 is used (see Attachment 5 – Storage Room Scenario DETACT Results).  These results predict that the sprinklers will activate 161 seconds after ignition.  It is assumed that the sprinklers arrest the fire growth, but do not cause the HRR to decrease; this is a bounding assumption consistent with Russell P. Fleming’s SFPE handbook section 4, chapter 3, “Automatic Sprinkler System Calculations” which discusses National Institute of Standards and Technology (NIST) research of sprinkler system affect on wood crib fires. 
Therefore, the fire HRR is assumed to be arrested at a peak of approximately 900 kW, rather than peaking at 1600 kW as shown in Figure 61.  This value conservatively assumes a straight-line HRR rise from initiation to the peak HRR, and selects the HRR value at 161 seconds.  
Egress Time 
For this scenario, it is assumed that the door to the first floor corridor is open for this scenario.  This door is directly across the hall from the double-door exit on the North side of the MSB (door 102).  It is further assumed that because smoke will begin to exit the door about 90 seconds after fire ignition, occupants will not choose to attempt to enter the smoke to use this exit.  To model this assumption, the door is locked at 90 seconds.  This change to the model has a marginal effect on the results; the last occupant escapes the MSB in 352 seconds.  With the 36 second delay time, the RSET for this entire MSB is 388 seconds.  In this scenario, however, since the first floor corridor is the 
Figure 61 - Storage Fire HRR 
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space of interest, it must be noted that the last occupant leaves the corridor at 140 seconds.  This assumes that occupants continue to enter it (from the Mechanical Shop) even as conditions near the door to the storage room approach and pass the tenability limit.  If it is assumed that the corridor isn’t entered after 90 seconds (the time at which conditions near the door reach tenability limit), the last occupant is out of the corridor at 114 seconds. 
Fire Model Results 
As previously discussed, the storage room is assumed to be open to the first floor corridor for this scenario; therefore, the entire area is modeled in FDS to determine the impact on tenability.   
In this scenario, the last occupant is out of the first floor corridor at 140 seconds.  Interestingly, the last occupants in the corridor are from the Mechanical Shop, where they climbed stairway 3 rather than escaping directly outside via one of the two exits. 
Therefore, the tenability of the first floor corridor at 140 seconds is of interest.  
 
Figure 62 - Storage Room Scenario Temperature, 140s 
Figure 62 shows the temperature after 140 seconds.  The black represents 60 °C.  It can be seen that 
although the corridor is getting warm, the west end of the corridor where the last occupants would be escaping is still below the tenability limit.  The temperature reaches the tenability limit in the part of the corridor where occupants were still escaping from the Mechanical Shop at about 5 minutes. 
It is noteworthy that the temperature in a significant part of the corridor exceeds the temperature tenability limit when another part of the corridor is still simulated to be occupied.  To further investigate this, the model was re-run with the door from the Mechanical Shop to the corridor locking at 90 seconds.  This simulates the occupants reaching the doorway and either observing smoke or feeling heat through the door handle, and opting to queue for egress at one of the direct exits instead.  This variant has no impact on the total MSB egress time, since the controlling factor is still the queuing on the second floor. 
 
Figure 63 - Storage Room Scenario Visibility, 140s 
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Figure 63 shows the visibility after 140 seconds.  The black represents 5 m; the orange is approximately 10 meters.  It can be seen that the majority of the corridor is still below the tenability limit.  Visibility reaches the tenability limit in the part of the corridor where occupants were still escaping from the Mechanical Shop at about 4 minutes. 
Conclusion 
In conclusion, the time available for occupants to escape using the first floor corridor is 240 seconds; the time at which the last occupant is expected to exit the corridor is 140 seconds.  Therefore, acceptance criterion is met for the storage room fire scenario.  
Conclusions 
Prescriptive Compliance 
Structural Fire Protection 
As discussed in Structural Analysis, the MSB is compliant in this area. 
Egress 
As discussed in Egress Analysis, the occupant classification imposed on the vocational training rooms of the MSB determines whether the prescriptive requirements of the LSC are met.  If Assembly Use is applied, then the occupant load of the second floor is 552.  This causes two code violations: first, the available exits on the second floor have a capacity of 473, and second, only two exits are supplied although three would be required, since two of the three exits are immediately adjacent to each other. 
Three solutions are available.  The first is to modify the building to either add more egress capacity (for example, by widening the horizontal exit and installing double doors).  This solution would be a sure fix, but would be expensive and time-consuming.  The second is to engage with the AHJ to gain approval to treat the vocational training rooms as General Industrial Use, consistent with their actual use.  This solution may be time-consuming, but would likely be much less expensive than a modification to the building; however, it is not certain that the AHJ would concur with this approach.  The third is to apply the performance-based alternative as allowed by the LSC.  This is addressed in more detail below. 
Detection Systems 
As discussed in Detection System Analysis, the MSB is compliant in this area with two exceptions.  The first is that alarm audibility is not sufficient in the Mechanical Shop.  This is based on the assumption that loud machinery may be operated in the Shop, which would exceed the SPL available from the currently installed alarms.  Two solutions are available.  The first is to impose operational restrictions on the machinery that may be operated in the shop.  This solution is not recommended because it would be difficult to enforce and sustain, and because it could degrade the quality of vocational training available, which would defeat the entire purpose of the space.  The second is to install additional horns, or louder horns in the space.  This solution is recommended. 
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The second exception to compliance is that the FACP backup battery is undersized.  Again, two solutions are available.  The first is to reduce the loading (by a factor of approximately three) to allow the existing battery to provide the required capacity.  This solution is problematic because such a drastic reduction in load could be expensive, and/or could degrade the quality of alarm coverage in the MSB.  Therefore, this solution is not recommended.  The second potential solution is to install a larger backup battery that is capable of meeting code requirements.  This solution is recommended. 
Suppression Systems 
As discussed in Fire Suppression System Analysis, the MSB is compliant in this area. 
Performance-Based Compliance 
As permitted in Chapter 5 of the LSC, performance-based analysis is performed to evaluate the egress capacity of the MSB.  As discussed in Performance-Based Analysis, two design fires are selected that define the worst-case scenarios for the MSB, using the guidance of the LSC.   
The first design fire, the atrium fire, imposes a fire that both eliminates two external doors (including the main entry door), one of two stairways, and communicates directly with the second floor corridor through which all occupants of the second floor must pass to egress.  Despite this, the models show that the acceptance criterion is met for this scenario.  The results of this scenario demonstrate that although the prescriptive requirement to provide three exits for capacity between 500 and 1000 is not met, safe egress is still demonstrated for the limiting fire.  
The second design fire, the storage room fire, imposes a fire that threatens the first floor corridor as an egress path.  Although this design fire does not directly address any weaknesses in the prescriptive compliance, it is selected as a limiting design fire per the requirements of the LSC for performance-based analysis.  Again, the models show that the acceptance criterion is met for this scenario. 
Summary 
In summary, the fire protection systems of the Maintenance Shop Building hold up reasonably well against current codes and standards, despite the fact that the MSB was constructed 30 year ago per contemporary codes and standards.  Nevertheless, there are areas where the MSB is not compliant with current codes, and the safety of the building could be demonstrably and cost-effectively improved by addressing these gaps.   
Of significant general interest, one of these gaps was able to be conclusively addressed by taking advantage of performance-based options in existing codes.  This approach shows that application of prescriptive codes, while bounding and safe, may result in overly constrictive requirements in certain specific applications.  Permitting the use of the performance-based option in this case allows for a more cost-effective design without compromising the safety of the occupants in the event of even a limiting fire. 
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Attachment 1 – Sprinkler Data Sheet 
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Attachment 2 – Fire Alarm Control Panel Data Sheet 
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Attachment 3 – 50GC Alarm Horn Data Sheet 
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Attachment 4 – Back-Up Power Supply Data Sheet 
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Attachment 5 – Storage Room Scenario DETACT Results 
INPUT PARAMETERS     CALCULATED PARAMETERS     Calculation reset 1 0 or 1 R/H 0.35 -   Ceiling height (H) 4.572 m W/H 2.3333 -   Room width (W) 10.668 m Temperature factor 0.6041 -   Radial distance (R) 1.6 m Velocity factor 0.4798 -   Ambient temperature (To) 20 C Calculation time (t) 701 s   Actuation temperature (Ta) 74 C Fire HRR (Q) 23096 kW   Rate of rise rating (ROR) 8 C/min Gas temperature (Tg) 677.42 C   
Response time index (RTI) 100 (m-s)1/2 Gas velocity (Ug) 8.2318 m/s   Fire growth power (n) 2 - ROR at detector 75.046 C/min   Fire growth coefficient (k) 0.047 kW/s^n Detector temp (Td) 635.08 C   Fire location factor (kLF) 1 - Detection trigger 541 662               
Representative t2 coeff. k   CALCULATION RESULTS FT ROR   Slow 0.003    Transport lag time (tl) 9  9  s Medium 0.012    Detection time (td) 161 40 s Fast 0.047    HRR at detection (Qd) 1218  75  kW Ultrafast 0.400    HRR w/transport lag (Ql+d) 1355  112  kW  
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Attachment 6 – Annual Test Record (Partial) 
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Attachment 7 – Quarterly Test Records 
 




















